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ABSTRACT 

Project l^p.    eX6O_-01-OOl_ JNJ[JlRNAL_MJJDIjnNJE 

Task No, JJl    Cardiopulmonary-renal Diseases 

Sub-task No,   4-3  Microbiological Aspects of Research and Preventive I^edicine 
Activities  in Tuberculqsis 

U.   S.   Aimy Medical Research and  Nutrition  Laboratory,   Fitzsimons General 
Hospital,   Denver  30,   Colorado 

1 July 1961   -  30 June 1962 

Authors:    Col L,   R.  Kuhn,   MSC,   Lt Col W.   C.   Morse,   MSC,   Mary Rothlauf, 
M.   S.,   Jean  Pickering  Deter,   B.   S. 

RCS  MEDDH-288 

Unclassified 

2"^®2£üLüJi. laboratory procedures  are  being  revised  and  simplified,   per- 

mitting  isolation,   identification,   and  drug  susceptibility studies to be  com- 

pleted  in two.  to four weeks.     Results  of bioassays have  shown  that INH is stable 

in  frozen plasma   and serum.    The   mode  of action of isopropyl  isoniazid (IPH) 

seems  to be  different than that of isoniazid (INH) since IPH is  inhibitory to 

certain INH-reslstant tubercle bacilli both in vitro and  in__viyo,     P-amino 

salicylic acid (PAS) concentrations  in serums  of patients   receiving  PAS-C  are 

higher  and  remain higher in comparison with levels  from patients  receiving 

other  forms  of PAS.    Patient acceptance  and  tolerance  of PAS-C   is  remark- 

able.     Desoxy-ribose  nucleic acid (DNA) isj being  recovered and purified 

from  drug-resistant M_.^uber£ulosls^ stains.     This  DNA  will be  used  in resist- 

ance  transfer studies..   Yeast-phase Histoplasma appeared to enhance  infection 

with M.   tuberculosis  injected  concomittantly.    Special culture  technics have 

been  devised to   enhance the growth of tubercle bacilli from surgically resected 

lung tissue. 
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BODY QV REPORT 

Project No.     ^XeO^Ol^OQl JiL^|RN^_MJJ^I_Cl_NE 

Task No, ^ O^^0£u^m^na^^£ei^al_JK£eases_ 

Sub-task No.  4-3 Microbiological /.spects of Researchand Preventive Medicine 
Activities  in Tuberculosis 

Description: 

a. Improvement in methods for isolating  and Identifying genera 

and species  of Mycobacteria,   and for determining drug susceptibilities. 

b. 1.    Biologic assays for isoniazid (INH) in the serum of individuals 

of different racial groups. 

2.    Stability of INH in frozen plasma and serum. 

c. Studies on the serum concentrations  of p-amino salicylic acid (PAS) 

using a new form of PAS. 

d. An la. VtttO and in_vl_vo_study of the   anti-tuberculous  activity 

of chemically pure  isopropyl  isoniazid (IPH). 

e. The  transfer of drug  resistance  by use  of chemically extracted 

and purified desoxy-ribose nucleic  acid (DNA). 

f. The  effect of simultaneously injecting  M.   tuberqulosls  and yeast 

phase iJiilojELLfLf-HL*. int0 mice. 

g. The  correlation öf histologic  changes   and  bacterlologlc  findings 

from tissue  sections. 

Progress; 

a.     The  laboratory procedures  used  by this  unit for Isolating  and 

identifying  mycobacterla are  again being   modified to include new biochem- 

ical methods which will simplify the problems  of distinguishing  the 
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"unclassified  atypical   tubercle  bacilli"  from M.   tuberculosis_ strains  and from 

the  non-pathogenic   mycobacteria.    A revised  edition of this unit's  published 

procedures is  being prepared  for printing  and  appropriate   distribution, 

b.    1,    Serum concentrations of isonlazid,£INH) are being assayed 

biologically on all tuberculosis patients admitted to Fitzsimons General 

Hospital as a guide to  the INH dosage which will be  required to effect 

chemotherapeutic  concentrations  yet not cause  certain toxic  effects 

which  develop  following  continued  administration  of this   drug.    High 

serum INH concentrations  may lead to two types of  toxiclty.    One  is  a 

neural  effect  which   may be  delayed  or prevented by the  simultaneous 

administration  of pyridoxine C^g)«     The  other 1$ the  development of 

mental  aberrations  due  to elevated blood  ammonia  lev&ls.     Increases 

in blood ammonia  concentrations  occur in  all  individuals  taking  isoniazid 

though not all patients   develop  mental  difficulties,    (See  the  Chemistry 

Division Annual Report by Dr.   Z.   Z.   Ziporin.) 

Since  the  discovery that Japanese   metabolize   isoniazid to  inactive 

derivatives  far  more  rapidly  than Caucasians,   serum  from  tuberculosis 

patients  of other racial  groups  receiving  isoniazid has been,   or is   being, 

assayed  for isoniazid concentrations.    So far,   serums  from  three  distinct 

racial groups  in Malaya (Malayans,   Tamils  and Chinese) have  been 

studies.    Results suggest that the  Malayans  and Tamils Inactivate  INH 

slowly (similar to  QSfy of Caucasians) whereas the  results  on the 

Chinese  are   more  consistent with  those of  the rapidly inactivating 

Japanese,    A  study is  in progress   on the serum of one hundred tuberculous 

patients from Amman,   Jordan,    The  results  of both  these  studies  will 

be  presented  for; piiiblic^tion in th«  near future. 
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2,     During  the past  twb  years  two publications from other labor- 

atories  have  presented  evidence  indicating that isoniazid  is  unstable   in 

frozen  plasma  and  serum.    The  authors   of these  publications suggested that 

their data would  render valueless  the results  of previous  work  done   on 

plasma   and serum  isoniazid concentrations.    In both  these studies chemical 

assay procedures  were  used  and both  authors suggested that  the  bioassay 

tec'hnic,   which  measures  drug  inhibiting   activity against  multiplying 

tubercle bacilli,   is  not sufficiently accurate  to detect   loss   of isoniazid 

in plasma and serum. 

Precise   quantitative studies  in  this   division  during the  past 

year prove  conclusively  that  isoniazid  is  stable  in.frozen plasma and 

serum  for a period  up  to six   months  and  perhaps  longer.    These  findings 

were  obtained by  using  a  modification  of the  bioassay technic  first 

described from this  laboratory.    It  is  interesting  to  not^ that the  two 

workers   referred to above,   who published  on th e ^nsrabU it^_ o f dsoniazid, 

now agree with our findings.     (See  publications.) 

c.    Studies  have  continued on the  serum concentrations  of p-amino 

salicylic acid (PAS) achieved  in  tuberculosis patients  receiving  a new 

form of PAS  which is trade'marked  PAS-C (PAScorbate).    In the  last 

annual   report PAS-C ferum concentrations  were  compared  with those 

obtained with  other forms  of  PAS.     The   findings  indicated  that  six 

grams   daily  of PAS-C  achieved serum concentrations   equivalent  to those * 

obtained with  12  grams  of other forms  of PAS tested.     At that time 

PAS-C  was  considered to be  a  complex.of p-amino salicylic  acid and 

ascorbic  acid.     Considerable  detailed  investigation  on PAS-C   in  this 

_5' 
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unit (See Chemistry Division,   Dr.   Z.   Z.   Ziporin.)    has  now shown 

that PAS-C  Is not  a complex  of PAS with Vitamin C but  rather a highly 

purified form of PAS acid.    It has not yet been determined >#liy sig- 

nificantly higher blood  concentrations are obtained with this product 

as  compared to other forms of PAS.    Tolerance  and acceptance of 

PAS-C by patients  continues  to be  excellent.    Studies  on the unique 

biological activity and biochemistry of PAS-C will continue  during 

the  coming year. 

d. Preliminary In vltro^ and J". vivo, studies indicated that the 

isopropyl derivative  of isoniazld (IPH) was inhibitory to certain 

Isoniazld-resistant strains of mammalian tubercle bacilli.    These 

results   s-ugigested that the  mode of action of iproniazid  was different 

than that of isoniazld (INH).     Further studies have  revealed that IPH 

is  Inhibitory  In vltro_and  in vivo- fwhtte   mice)  only for  isoniazld- 

resistant M._j:u b^rculos_ls  strains   which have  lost the  ability to synthesize 

endogenous catalase.    The exact signficance  of these  observations 

has not yet been characterized.    In collabopation with Dr.  Oscar Reiss, 

Chief Biochemist,   Webb  Institute  for Medical  Research,   University 

of Colorado Medical School,   further investigations are  to be  made. 

e. Extensive  studies were  made  on  the  extraction,   purification, 

and identify atlon of desoxy ribose  nucleic acid (DNA) obtained 

from INH-reslstant (INH-R) strains  of tubercle  bacilli.     This DNA  will 

be  used'id attempts to transfer INH resistance to drug-susceptible 

:ubercle  bacilli.    Considerable  difficulty was  experienced because 

the  cell  destruction technics ruptured relatively few bacilli. 
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Recovered substances  exhibited spectrophotometric  absorption character- 

istics  consistent  with DNA but the  quantitative  yield  was extremely low. 

Also,   it was believed possible that the spectrophotometric  absorption 

tests were indicating DNA residues and not the  unaltered material necess- 

ary for    successful  transfer of resistance.    A new Shandon-Hughes  cell 

press lias been installed  and the studies on  recovering DNA  will continue. 

f. White  mice were injected intravenously with M»  tu|»etculo»t« 

strain H37Rv and yeast-phase Hls.t<^^£ina_jca2£ul^atum simultaneously 

and the extent of infection at 5 to 8 weeks determined by measuring 

density of ^&e ntousxt lungs and comparing  with similar measurements 

on mice  injected  with each agent alone.    Lungs from  mice  receiving 

both agents showed  a significant Increase  in density over lungs from 

mice given only Mj^ukor.culofJU.«    Those given yeast-phase Histoplasma 

were no different than the  normal (i.e.  uninjected) controls.    At 

autopsy«   «nly M._ *"b££.cu.lofil could be  recovered by culturing,   not 

Histoplasma,    Histological studies are in progress and further experi- 

ments  are planned  in the hope  of explaining why unspocessful Infection 

with yeast-phase Hino^l_asnia_should enhance infection with  Mj_iubercui_qs^s_, 

g. This Is a cooperative study to assist the Pathology Service,  Fltz- 

simons General Hospital  In correlating  the  observed hlstologlc  changes 

with bacteriologlc   findings  by studying  the  growth of tubercle bacilli; 

in sections of surgically removed lung tissue cut  at 6   - 12  microns. 

Serial »ections are  prepared and treated with special stains  while 

alternating sections  are  submitted for culture. 



I 
I 

I 
i 

li 

i 

I 

i 

I 

! 

r 

Preliminary studies were  made  using lungs of mice experimentally 

challenged  Intravenously or intraperitoneally with virulent    tubercle 

bacilli.     Two  culture  technics  were  used; 

(1) Cut sections  were placed on the surface of an Oleic acid- 

o albumin agar medium (7H10) and incubated at 36   C,   then examined at 

weekly intervals. 

(2) Cut sections  were placed  on sterile glass  microscope  slide 

or  cover slips  and  immersed in  a  liquid oleic  acid-albumin  medium, 

o 
then incubated at 36   C and examined  at two day intervals  macroscop- 

ically and by low gowsf microscopy. 

Preliminary results  indicate that the  culture technic  using sec- 

tions affixed to glass slides or cover slips  immersed in liquid  medium 

is superior to  the use of a solid  medium.    Growth of tubercle  bacilli 

was  observed  In as short a time  as 4 days of incubation using this 

experimental approach. 

Studies  applying  these  technics  to human  lung tissue f^iken  at 

surgery are now underway. 

Summary and  Conclusions; 

^ J"ijJ[£HL°.s^1 laboratory procedures are being revised and 

simplified, permitting isolation, identification, and drug suscep- 

tibility studies to be  completed  in two to four weeks. 

b.     Results of microbiologic  assays for serum isoniazid (INH) 

are  being  used  to control  drug  dosage, and to characterize different 

racial groups  into rapid  or slow inactivators  of this  drug.    Rfsults  of 

bloassays have shown that INH is stable in frozen plasma and serum. 
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c. P-amino salicylic  acid (PAS) concentrations  In serums  of 

patients lecclvlng PAS-C are higher and remain higher In comparison 

with levels  from patients receiving  other forms of PAS,    Patient 

acceptance and tolerance of PAS-C is remarkable« 

d. The   mode of action  of isopropyl Isonlazld (IPHJ seems to be 

different than that of Isonlazld (INH) since IPH Is  Inhibitory to certain 

INH-reslstant tubercle  bacilli both Jn_vltrjo and jn vivo « 

e. Desoxy-rlbose  nucleic acid (DNA) Is being recovered and 

purified from drug-resistant ^•_iuberc.ulo».ls_ strains.    This DNA will 

be  used in resistance transfer studies. 

f. Although apparently falling to survive In Intravenously 

Injected  mice,   yeast-phase  Hlstoplasma  appears to enhance  Infection 

with .M.«._tub Qj£HL9.SJ^ Injected  concomlttantly. 

g. Special culture  technics have been devised to  enhaorce 

the growth of tubercle bacilli from surgically resected lung tissue. 

Sections of lung tissue,  (6 - 12 microns thick)«  from experimentally 

Infected  mice,   are placed on glass cover slips  or slides  and 

immersed in  an olelc acid-albumin liquid medium for incubation. 

These have given positive  results In 4 to  8 days.    Studies  are  being 

continued. 

List of Publications; 

Stability of Isonlazld in Plasma and Serum,  W,  C.   Morse, 

J,   M, Lacerte,  N, J. Pickering and L,  R,  Kuhn-,.   Transactions of 

the  2l3t VA»Armed Forces Conference  on the Chemotherapy of Tuberc- 

ulosis,  VA Central Office, Washington 25,  D.  C.    American Review of 

Respiratory Diseases.    Both in press to be published In 1962, 
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Infection of mice  with intravenously   injected 

S^Llfifii^IfliL^^iiiLLtlüS ln t*ie yeast phase vas un- 

successful.     Yeast phase Mistoplasma appears  to grow 

o 
well at 40   C.     A  review of three  years'  experience 

with serology in pulmonary fungus  diseases has been 

completed. 
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BODY OF  REPORT 

Project No.   ejKeO»OI»001    LNJERN^AL^EDICINE 

Task No. ^J.    Cardlojpulmonary-renal Diseases 

Sub-task No. 4»4 Microbiological A*£icts of Research and_Preven_tIve _MedIctne 

Deserlptlont 

a. Attempts to produce experimental Infection with yeast-phase 

b. Growth of yeast-phase Hlstoplasma at higher than human body 
o 

temperatures, 

c. Cultural  and serological tests in patients with pulmonary disease. 

Progress} 

a.     Laboratory acquired infections represent a hazard to personnel hand- 

ling the mycelial-phases of Hlstoplasma and Coccidloides.    Use of the yeast- 

phase of Hlstoplasma for injecting mice intravenously should reduce this 

hazard and increase the use of experimentally Infected animals for thera- 

peutic  and other studies.    Accordingly,   Hlstoplasma capsulatum   was success- 

fully maintained  in the yeast-phase for Injecting  mice.    Although the Ui^vttro 

yeast*phase wou'ld seem to be more closely related to the tissue-phase of this 

fungus,   we have not succeeded in producing progressive infection in mice 

injected intravenously with yeast-phase cultures.    It may be that the initial 

resistance to the body defense mechanisms Is lacking In such cultures.    Also« 

when yeast-phase cells were injected simultaneously with M«^tuberculoil»j 

Hlstoplasma could not be cultured from tissues five to eight weeks     after 

Injection,    However,  infection with ,MvJ^j'cjUosU appeared to have been 

|   ., 
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enhanced  in these animals (see  report from the Tuberculosis  Section). 

Last year,   we reported unsuccessful attempts to Infect rabbits with yeast- 

phase Histoplasma.     However,   since these animals have  a considerably 

o o 
higher body temperature,   (39-40   C),   than mice,   (37,50C),   this was 

thought to:.be a  contributing factor. 

b. Some years ago,   the senior investigator found  that temperatures 

slightly in excess of normal human body te mperatur e  were unfavorable 

to the growth of jCjjjrt0C°SS3LJ^J>iSII!L^I!tl iH.-^iHS and Ln_vt.yo'     As 

Indicated  in (a),   it was considered that Histoplasma capsulatum   might 

show a similar deleterious  effect from such  an environment  and that 

this  might then be useful as an  adjunct to chemotherapy.    Although 

only rough  quantitative estimates were made,  yeast-phase Histoplasma, 

unlike Cryptococcus,   appears to grow  equally well at human normal and 

feever temperatures, c 

c. Cultural  and serologlcal support in  mycology for the Pulmonary 

Disease Service  of Fltzsimons General  Hospital has been maintained. 

Captain May,   M.   C,   of the Pulmonary Disease Service, has  Just  com- 

pleted a study of the serologlcal findings from our records and Interpreted 

these  in the  light of clinical progress  of patients.    A paper prepared by 

Captain May from this study won for him the prize given annually by 

the Fltzsimons General Hospital  for papers presetted by residents. 

Summary and Conclusions* 

Infection of  mice  with intravenously injected HlstflPJ^lHli1 ^PlHlAlHiH 

in the yeast-phase   was unsuccessful.    Yeast-phase  Histoplasma appears 

to grow well at 40   C.    A review of three year8* experience  with serology 

in pulmonary fungus  diseases has been completed. 
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A  qualitative  and quantitative  laboratory and  clinical 

study of pyelonephritis  was begun in  order to  define  adequate 

treatment and  incidence  of relapse.     A  study of adeno and 

influenza  viruses  in three population groups  was begun.     A 

study of staphy'.coccus  carriers  indicates  that there  Is  an 

unusually low  nasal carrier rate  for  coagulase-producing  staphyl- 

ococci  in this  area.     However,   "hospital types"  appear to be 

increasingly  common in non-hospital personnel.     Furacin  spray 

and bacitracin ointment did not remove  coagulase-positive 

staphylococc i from the  external nares of carriers. 

/^ 

i. 



i: 

i 

i 

i 

i: 

i 

i 

i 
o 

1 

i: 

l 

l 
r 

BODY 0? REPORT 

Project No.   6|Cg0»Ol»0ei   INTERNAL „MEDICINE 

Task No.   01    Cardtopulmonary-renalPltease 

Sub-task No.   4-5  Microbiological Support for Preventive  M^e^d^iclnj_and C1 inlc_al 
Research in Infections _other_ than Tube^ulos^s _and_^he^Mjrc^£e£ 

Description; 

a. A study utilizing precise bacteriologlc   methods  for quantitative 

urine  cultures  and  an  evaluation of therapeutic measures. 

b. A study of viruses   associated  with   chest   diseases,   both chronic 

and acute. 

c. A study of the pathogenic Staphylococcus  carrier state   in 

a hospital population,   with emphasis on  methods of treating carriers. 

Progress; 

a.    1.     Pyelonephritis  is  an important but commonly overlooked 

disease.    Recent studies have  shown that a quantitative  bacteriological 

study of patient's urine  is a valuable  measure  of the extent of infection 

and therapeutic progress.    The  Department of Medicine,   Fitzsimons 

General Hospital,   requested this division to collaborate  with the 
o 

Pediatrics Service in a study involving precise bacteriologlc  methods 

for quantitative urine   cultures.     The  results of these studies will be 0 

used to define  an adequate duration  of treatment for complicated and 

uncomplicated  urinary tract infections,   and to determine  the Incidence 

of clinical and bacteriologlc relapse  following  two  therapeutic regimens. 

2.     The project was  started by evaluating   methods of collec- 

tion and methods of accurately counting and identifying  organisms  found 

in patients with bacteriuria.    Collection  methods used at "Fitzsimons 

General Hospital were found to be satisfactory  if the urines were 

if 
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delivered to the laboratory promptly.     Delay in delivery was accompanied by 

decreasjnjj numbers of viable organisms  more frequently than the  expected 

Increase.    Methods of bacteriologic evaluation included gram stain, 

pour plates,   and glass-rod streak plates from undiluted through the 10 

dilution of urine.    All plates were prepared  in duplicate.     The streak 

plates  gave somewhat higher counts than pour plates,   but had the 

disadvantage of being uncountable in the presence of spreading and 

swarming.    Only a  minimum  count of 10,000  organisms per   ml  of urine 

is  considered positive  for urinary tract bacteriuria.    Antibiotic 

sensitivities   were   determined and  selective   media  were  employed  for 

rapid identification.    Interpretation of results will  follow  clinical 

evaluations. 

3. To date,   400 urines  have  been cultured by the   methods 

outlined.    Sixty of the   400  urines  cultured had counts of 10,000 or 

more bacteria per  ml.     The  organism most frequently cultured was 

E^^ol^ with  nineteen  cultures positive.     P^eudomonaj was   cultured nine 

times, _^^Jt£u^ and _Ae_roba_ct_e_r four times  each.     Other organisms  cultured 

were Par-.colon sp.,   Staphyloccus   and Enterococcus.     Mixed  infections 

were  not  uncommon.    Twenty  of the significant positive  cultures  were 

E.   coll  and other JProte_us_sp. ,   P^eudomonas  sp.   or A^jobac^ei^. 

4. A study of fifty patients is _praj£cted,     To date  no patient 

has  completed  the  six-month  follow-up  period.    Five patients have been 

studied  through four months. 

b.     1.    The  Pulmonary Disease Service  of Fitzsimons General Hospital 

requested direct support  in studies  of viruses  associated  with chest  diseasoa. 
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both chronic and acute.     Facilities  for these studies  were  made 

available   in Aigust 1961,   the  viruses  studied to be limited,   at present, 

to the  adeno and influenza groups. 

Collection of material from patients was started in September 

1961 from three  different groups* 

i.    In-patients with acute respiratory disease (ARD) hospitalized 

in the non-tuberculosis wards at Fitzsimons General Hospital.    Patients 

for study were selected by the  Ward Doctor. 

ii.    Patients in the upper respiratory infection (Ufcl) ward at 

Fort Carson Army Hospital. 

iii.   Patients   from Lowry Air  Force   Base.     Specimens  from this 

group  were   collected  and  forwarded  to  the   Department  of Medicine, 

Colorado Medical School. 

2. Throat washings  and Jjcjue  blood samples  have  been  collected 

on 297 patients.    ^J^ivaJJi-ElSl ^ooc^ has been obtained on  approximately 

SS^o of these patients  and serologic tests using influenza A  and B  and 

adenovirus  group  antigens  have been completed.     Significant  diagnostic 

titres  to adenovirus group   were  demonstrated  In  59,7(» of the sera tested. 

Thirteen percent  were  positive  for influenza  B.    Only one serum showed 

a significant  Increase  in titre to the   influenza A  antigen.     Throat 

washings from patients  with significant complement-fixing titres  ^ere 

passed through 10  - 12   day hen's  eggs.     Influenza B  virus has  been isolated 

from three of the throat washings to date. 

3. Throat washings from all  cases  are being passed  in cell 
2 

lines (Heia,   MK,   HE     ),   Cytopathogenic effects have  been observed 

/? 
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in approximately SO^o of the cells inoculated.    Adenovirus type-specific 

antiaera is being prepared to determine which type was present this 

past winter, 

4. All sera collected were tested for the presence of cold- 
r 

agglutinins  and significant titres were obtained in 2\alo of the tests. 

No evidence for the  publicized influenza B epidemic was found. 

However,   some cases of influenza B were noted at Fort Carson  between 

17 January  and 20 February.     During  this period  14<7a of sera tested  had 

significant rises in complement-fixing  antibodies.    This was not seen 

in the  Fitzsimono  or  Lowry groups and  was not  reported  in the  civilian 

population of Colorado Springs. 

5. Studies   on the   material  collected  this past season is 

cor.tir.uir.g. 

c,    1,    With the  consent of the  Fit.zsimons General Hospital  Research 

Committee   and the  Departments  of Surgery and  Medicine,   a study of 

pathogenic  staphylococc:  In the   Post population  and in the hospital was 

begun.    Sever&l  years  ago,   a study of the  nasal  carrier rate  for coagulase« 

positive  stapr.ylococci in the hospital  population had  indicated  a   much 

lower rate  than  is  usually  reported,   i.e.   20-30<7<i compared to ^O-TO^o. 

During the  past year,   nasal cultures, were  taken from all personnel  and 

dependents  who. are given  annual chest X-rays and tuberculin tests.   .     -   .. 

A  much lower carrier rate  than  is  usually reported for an urban population 

again  was  noted.    On the  other hand,   among the  fewer carriers there 

was  a higher percentage of penicillin-resistant staphylococci and the 

so-called   "hospital epidemic strains"   showing susceptibility to phages 

80-81 than was expected.    It is possible that this reflects an increasingly 

commoner carrier state with penicillin-resistant and "hospital phage types' 

among non-hospital groups. 
J~0 
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2. The  external nares of all newborn infants  and their mothers 

are being  cultured prior to their release from the hospital.    These are 

again  cultured six  weeks later when they return to the Pediatrics 

Service.    Interesting flndTngs are already apparent;   namely,   that not 

only do some acquire  "hospital types?'  following hospitalization,   but that 

some  mothers now are carriers of these types prior to hospitalization. 
« 

The study will soon be  extended to patients on  arrival for surgery 

and before   discharge. 

3. In collaboration with the Ear-Nose-Throat Service,   attempts 

were  made  to eliminate the   nasal carrier state by means  of furacin 

nasal spray and bacitracin ointment applied to the external nares in 

some  twenty-five persons who had repeatedly positive cultures  of 

coagulase-positive staphylococci.    Although a few persons in each 

group  appeared to lose  their  coagulase-positive staphylococci,   the 

great  majority of carrier states persisted despite  treatment.    Other 

substances also will be tried. 

4. Commercial availability of standard bacteriophages  and  new 

techniques have simplified the phage-typing procedure  and greatly 

increased the  numbers of staphylococci which can   be typed per unit time. 

Summary and  Conclusions: 

a,    A qualitative and  quantitative laboratory and clinical study 

of pyelonephritis was begun- In order to define adequate treatment and 

incidence  of relapse.     Fifty patients will be studied.     To  date,   400 

specimens have been examined,  but only five patients followed through 

four mohths. 

.2/ 

1 



i 

(1 

i; 

i 

r 
i 

r. 
i: 
i 
! 

[ 

I 
[ 

0 

B 

b. Facilities for respiratory virus studies were  acquired and 

personnel trained.     A study of adeno and  influenza  viruses In three 

groups was begun. 

c. 1.     Fitzsimons Post personnel show an  unusually lovf nasal 

carrier rate for coagulase-positive staphylococci,  but many carriers 

now harbor penicillin-resistant and   "hospital types",   probably reflect- 
® 

ing an Increase  in  carriers  of this  description. 

2. Some newborn Infants  and mothers appear to acquire 

"hospital types"  during hospitalization,   but some  mothe'rs harbor them 

prior to hospitalizatlor.. • 

3. Furacln nasal spray and bacitracin ointment failed to 

remove  coagulase-positive staphylococci from the  external nares 

of carriers. 

Publications; 

None. 
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This project is inactive ezoept for observation 

of the lone-term survival animals,    ühere are seven 

survivors, ranging from 6 to 7^ years with various 

prosthetic materials replacing the thoracic aorta. 
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Project Ko.  6X6O-01-O01    IMEEUAL MBDICIKE 

Task JTo. 01    Oardiopuloonaiy-Eenal Diseases 

Sob-task ITo. 5-12   A Stadsr of the Various Plastic Materials 
In Arteiial Grafting 

Sesoriptiont 

A study of the efficiency of vaiious synthetic materials 

for use as large vessel prostheses. 

Progresst 

During this fiscal year cne animal expired.    It had 

survived 5—3/4 years nith a Teflon fabric graft.    Death was 

due to embolism of the mesenteric vessels -with resultant necrosis 

of the small bowel.    There «as no evidence of erosion of the 

Teflon prosthesis} however, there was a mature thrombus 

attached to the Inner surface of the prosthesis.    This was 

probably the origin of the enboll. 

There are seven remaining dogs containing prostheses of 

various materials, from 6 to 7^ years of age.    At present these 

animals are clinically normal. 

Summaxy and Conclusions t • 

Hone*    Long-term survival studies will continue on the 

remaining animals« 

List of Publicationsi 

None daring the current year* 
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In addition to atherosclerosis, auch needs to be 

known concerning the interaction ot, nutrition and 

circulatory physiology. Experiments have been initiated 

to study the interrelationships of specific nutrients 

and states of nutrition to this system by aeans of a 

previous-starvation technique. Methodology development 

for this work is still in progress. 
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Project So,,  6X6O-01-O01    INTBSHIAL MBDICIHB 

Task So, 01    CardiopulBonaiy-Reaal Diseases 

Sub-task Noo 5-28   Hutrltloaal Faotors fafluepolnig the Oardlc 

Descriptions 

Such ollnloal problems as essential hypertension and 

atherosclerosis have pointed out the necessity of a more 

thorough understanding of the basic interrelations between 

nutrition and the oardiovasoular system»    To this end, experi- 

ments have been planned using rabbits to study the neural and 

endSOrine pathways of nutritional influences on the oiroulatozy 

system.    Initial trials involve the effects of starvation. 

Later experiments will involve food deprivation to achieve a 

base line from which the effects of individual nutrients may 

be studied.    Cardiac output, blood pressure, blood volume and 

related parameters are being studied. 

Progress g 

In order to measure cardiac output and vascular resistance 

in unanesthetized rabbits over a period of weeks, it was found 

necessary to implant chronically Silastic catheters (Dow- 

Coming) near the heart via the common carotid and jugular 

vessels. It was found that the functional use of the arterial 

catheter does not ordinarily last beyond one week, seemingly 

due to movement of the catheter tip rather than thrombosis, 

lb avoid this difficulty, an external body counting isotope 

technique has been tested which makes it unnecessary to use 
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5-28, Progrees (Cont'd) 

an arterial catheter. Venous oatheterization is desirable 

for injection of the tracer« It has also become apparent 

that the determination of blood pressure by eleotronio 

ephygroomanometry involves some difficulties« For these 

reasons it has been decided to use dogs for these experi- 

ments. Cardiac output by dye dilation and blood pressure 

by sphygmomanometry in the conscious dog have been developed« 

Comparisons of the external counting method to the dye method 

for cardiac output are now being made and it is anticipated 

that the former technique will be enploysd« 

Summary and Conclusions 8 

While developing cardiovascular procedures in the 

rabbit for these experiments, a number of inherent dis- 

advantages have been found with this animal. TOT this reason, 

techniques are now being developed by which a complete analysis 

of the circulatory system can be made in the unanesthetized 

dog« This includes cardiac output, vascular resistance and 

volume by isotope-dilution techniques and arterial blood 

paressure by eleotronio sphygmomanometry0 

List of Publicationss 
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Tbclassifled 

In a continxiing study of traoheal prostheses, 

five series of animals, totaling tventy—eight dogs, 

have been oondnoted.    Three of these have been 

failures, the other two  series are still being 

followed.    One series is not an    acceptable result 

but indicates it may show increased longevity.    The 

final series is too early to predict results.    The 

best longevity to date has been fifteen months. 
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I 

Descriptions 
o 

Evaluation of various prosthetic materials and various 

methods of fixation of segmental trachea! prostheses in an 

attempt to develop methods and materials for tracheal re- 

placement in patients with tracheal stenosis, deformity, 

neoplasia or traumao 
• 

Progress« 

* During the current fiscal year five series of animals 

have been Initiated and are in various phases of study. One 

series (#10) was reported during the previous year but «as 

still being observed. 

Series 10 s    These prostheses had an inner and outer 

surface of Daeron cloth with a Silastie rubber core contain- 

ing lO/lOOO inch thick rings of stainless steel 1.3 to 2 mm 

wide to simulate tracheal rings« Overall thickness was 

approximately 1 mm. 

Fixation was with 3-0 Daeron sutures. Buttresses were 

replaced by a ring of Silastie covered Daeron suture which 

was so sized as to fit snugly around the trachea containing 

the prosthesis. This assured a close fit between the trachea 

and prosthesis. 
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7-10, Progress, Cont'd 

In this series the trachea was carefully dissected free 

from surrounding tissues only enough to permit proper fixation 

in an attempt to create minimal disturbance to vasculature. 

Also, four of the mattress sutures on each suture line were 

tied together with their mates on the opposite suture line to 

minimize longitudinal stress on the suture line. 

Of five animals in this series, one died at 5$- months 

-with large granulations and stenosiso Two survived to 10 

months, one to 13 months. The final animal is alive at 13 

months. There is some loosening of sutures and slight surface 

infection, hut the site appears quite «ell stabilized. 

Series 11» Four dogs received a solid Terpolymer 

prosthesis fabricated by the Army  Prosthetic Besearoh 

laboratory, Walter Reed Amy Medical Center. Two «ere in- 

serted using no sutures, fixation being achieved «1th 

Eastman 910 adhesive (methyl-2-cyanoacxylate). One dog died 

at surgery from anesthesia. The other succumbed at 3^- months, 

two weeks after the loose prosthesis was removed, allowing 

the trachea to stenose. 

Two prostheses were inserted using the Eastman adhesive 

with sutures. One survived 10 months, death being due to 

stenosis after the loose prosthesis was expelled by the 

animal. The other is alive at 7 months, shows moderate 

granulations and sligit infection.  This series is considered 

a failure. 

33 
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7-10, Progress, Cont'd 

Series 12 g    This series used the same prostheses and 

technique as Series 10,  except the stainless steel support 

«as a spiral instead of rings, and Sastman 910 adhesive iras 

utilized along with sutures. 

Five dogs were utilizedo    Four died within 4 months doe 

to failure of the prostheseso    This «as probably due to over 

sterilization, «hioh caused the layers of the prosthesis to 

separate with resultant asphyxia,,    The other animal is alive 

at 11 months.    However, the prosthesis is becoming loose, 

there is slight to moderate granulation and infection. 

Series 131. The prosthesis used «as of solid Tezpolymer, 

as in Series 11, to which a Dacron and foamed Terpolymer 

cuff had been affixed at each end to allow tissue growth to 

form a bond between the prosthesis and trachea.    The 

prostheses were secured with Eastman 910 adhesive and 

sutures«    Four dogs were utilized. 

One dog died from postoperative pneumothorax.    Two died 

(4 and 7 weeks) from the prosthesis loosening and moving 

with resultant stehosis at the graft site.    The last animal 

is alive at 7 months but has severe dyspnea from stenosis 

which has reduced the diameter of the traoheal lumen by 

greater than 50^» 

Series 14-a    This series used a prosthesis identical to 

Series 12.    Eastman 910 adhesive «as used,  however, only four 

mattress sutures were placed in each suture line.    The matching 
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7-10,  Progress,  Cont'd 

sutures from each suture line were tied together spanning 

the outer longitudinal surface of the prosthesis to reduce 

the longitudinal stress on the suture lines» 

There were 9 animals in this series«    There were 3 early 

deaths | one each at 2 and 7 weeks from pneumonia and one dog 

was inadvertently euthanatizedo 

Three others, alive at 2,  3 and 4 months, are failures 

due to fragmentation of the prosthesis,  probably due to re- 

peated sterilization of the prosthesis with resultant separar- 

tion of the layers. 

The remaining three are alive at 4» 6 and 7 monthso 

One (4 months) has loosened and become infected.    One (6 

months)  shows slight granulations, no evidence of infection 

and is considered fair.    The other (7 months) is infected, 

has some pus and debris but shows no signs of immediate 

failure. 

Series 15 g    This is the same basic prosthesis as 

Series 12 and 14, using four mattress sutures on each suture 

row and tied together longitudinally as in Series 14o    The 

mattress sutures were tied over an encircling Silastic 

coated Dacron ring ■which served as a buttress«    The prosthesis 

was placed deeper into the trachea, so that the sutures were 

placed between the second and third intercartllagenous ring. 

The oartilagenous rings overlying the prosthesis were brou^it 

snug about it by a mattress suture connecting the free 

cartliege ends. 

i- 



i 

I 

r 
• - 

7-10, Progress, Cont'd 

Two of the pxostheses were glued rising the Eastman 910 

adhesive to supplement the sutureso    One dog died at one 

month from anesthesia during bronchoscopy.    The prosthesis 

was satisfactory,,    The other dog is alive at 4 months, has 

evidence of infection but no granulations.    The cranial suture 

line is quite loose. 

Four prostheses were placed without use of the adhesive. 

At two months following surgeiy all appear good but more 

time is needed for final evaluation. 

Summary and Conclusions: 

This past year, five series of dogs have been utilized 

to continue our study of tracheal prosthetic materials and 

methods of fixation.    Monthly bronchoscopic examinations are 

performed to continually evaluate the progress of the dogs* 

Thus far, no  satisfactory solution to a tracheal 

prosthesis has been found.    Bzperience gained indicatess 

(a) The Eastman 910 adhesive is of no advantage 

for the Terpolymer or Dacron and Silastic prostheses.    It 

does not permanently bond the prosthesis to the trachea. 

(b) Although the prosthesis should be as thin as 

practicable,  it should have enough rigidity to prevent 

crimping and pleating which creates dead space between the 

prosthesis and trachea.    When this occurs, infection and 

granulation seems inevitable. 
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7-10,  Summary and Conclusions. Cont'd 

(c)    The use of eisht mattress sutures on each 

suture row appears preferable to four.,    Four sutures do not 

give adequate fixation» 

Further stuäy will investigate new materials as they 

become available.    Also, better methods of fixation and 

simpler techniques will be attemptedo 
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Unclassified 

A computer controlled system utilizing an RCA 301 Electronic 

Computer, 20K memory capacity, paper tape input, output, monitor 

printing device, and Data Record File is being developed. A 

Flexowriter-Selectadata complex will be utilized for generating 

punched paper tape and printing some contents of the computer 

High Speed Memory dumped on paper tape. 

A computer simulated model of disability evaluation in diseases 

of the chest is being progrsmsed.  This model utilizes some 476 

individual items of administrative, medical, and laboratory data 

per patient from the patient's medical record. Many of these 

items recur in multiple sequences for each patient.  The object is 

to develop a logic system for deriving a clinio-patho-physlological 

classification of pulmonary insufficiency equated in degrees of 

disability. 
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In Addition Co the defined principal problem the data and 

computer programming permits actions of model simulation, process 

control, information storage, analyses and synthesis of probabil- 

ity tables translating, indexing and compiling in various medical 

areas. 
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BODY OP REPORT 

Projact No, 6X6C-01-C01 

Task No. 01 - CardlofmlaoiMury-renal Diseas^s 

Sub-task No. 8-1 A Study of the Application of El&ctrcrJLc Data 
Processing in Medical Research sad  Clinical Practice: 
The Development of A Logic System for Classifying 

Pulmonary Disability 

Description: 

This research effort has been conceived and organized to 

study the utilization of electronic data processing arts and 

sciences in clinical medicine xnd medical research as practiced 

in the U. S. Army Medical Corps. 

As an initiating approach to explcring this broad research 

area of high generality a particular problem of low generality 

has been conceived, designed and organized for operation in the 

environment of a computer-controlled canter. The particular 

problem is the development of a logic system for deriving a 

clinico-patho-physlologic classification of pulmonary insuffl- 

clsnce equated to the degree of disability for military service. 

In sii^itary msdicltie these- i*-a need for a standardized system 

for objectively evaluating degrees of physical disability and 

fitness for use in military medical installations on a world 

wide basis. 

The problem la organized around a system designed to provide 

computer programmed simulation of the disability evaluation prob- 

lem. The computer will be programmed, through appropriate data 

and instructions, t© behave as if it were the actual physical 

*■ 
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system. To produce « realistic state of slmulstlon the processes 

of the system,, Including both physical and mental actions, must 

be formulated, through mathematical techniques and symbolic logic. 

Into a model.  In this way a study can be made of the concepts 

and hypotheses as to hcv the system works. Its resulting decisions 

of strategies and values, and to discriminatory level of these 

decisions relative to alternste lines of action. 

i 

! 

: The date pool required to process such a logic system embraces 

nearly the entire patient's medical record. Table No. 1, Record 

File Structure, summarizes the composition of information utilized 

in this problem.  In its current form, in our system, the Indlvl- 

dual patient-file contains approximately 476 separate items of 

information per patient. These items cover the gamut of adminis- 

trative, medical, and laboratory data required to evaluate a 

problem of pulmonary insufficiency in disability profiling. As 

previously stated. It is currently estimated that some 10,800,000 

characters of Information will be functioning in the simulated 

computer model at the peak of its activity.  Such a model is de- 

signed to function, when properly verified, on a daily basis in 

line medical evaluation problems in a computer controlled center. 

In addition to the patient file, clinical and laboratory 

data on approximately 1000 normal subjects, studied at the time 

of annual physical examination, are included in the system.  These 

data will function as comparative and correlative forces In our 

system. The system provides for accumulating continuum of data 

on normal subjects in monitoring annual physical examinations in 

I 
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A computer program library of some 100 varied programs (prin- 

cipal routines and subroutines) will be required In this study. 

They will consirt of the following broad types of programs: 

1. Classical Statistical Routines, such as Standard deviations. 

Cross products. Correlation coefficients. Factor analyses. Analyses 

of Variance, etc. 

2. Logic-Housekeeping Routines, such as sort, file, extraction, 

sequence, inputs, data conversions, file updating, quality controls, 

print out, etc. 

3. Symbolic Logic Routines, such as diagnostic routines to 

develop sets and classes from the "soft" qualitative information of 

the medical arts and sciences. 

4. Classification Program so as to order the data Into its 

ultimate image of control. 

In meeting these requirements the computer controlled center will 

be programmed to function in other medical areas of analyses and 

syntheses, simulation, data compilation, table construction, infor- 

mation storage, and education. 

Progress: 

During this period of preparations for on site installations 

of the RCA 301 Electronic Computer the primary efforts have been 

in developing a system to handle input requirements (collection, 

machine translation and storage), analyses of data, and output 

requirements.  The major emphases has been in the development of 

*3 
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d«ta-input formations from collecting Information from the patient's 

medical and health records. 

Formal education and training has been received in flow chart- 

ing, computer logic, computer programming, scientific Interpreter 

and flexowriter-selectadata operations and progrsmalng.  Several 

consulting visits with members of the RCA technical and education- 

al staffs, including Dr. Carl Hammer, Chief, Scientific Division, 

have been conducted.  Some of these visits have extended over 3-4 

day periods. 

I.  Input. 

The operation for conversion of information from manual copy to 

machine codes stored on magnetic tapes has been completed. All of 

our 80 column cards have been translated to magnetic tapes. A 

Flexowriter-Selectadata complex was utilized to generate punched 

paper tape in RCA 501 Electronic Computer Language. It was then 

computer programmed for sorting and filing into specific categories 

in»the RCA 501 computer.  It is now computer programmed for conver- 

sion from RCA 501 language into RCA 301 language so that it can be 

transferred to RCA 301 paper tape and then stored into our Master 

Files in the RCA 301 magnetic Data Record Files. 

The data from this source was edited for quality assurance and 

found to be extremely accurate. The ratio of errors was determined 

to be 1 out of every 20,000 characters of information.  The majority 

of the few errors discovered would have been corrected by our exist- 

ing computer program edit routines. 
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The «mount of informiiClora Involved can be «ppreci*ted by 

reference to Table No. 1, Record File Structure, which summarizes 

the organization and content« of our Record File Structure. At 

this time information has been collected, machine coded, stored 

and filed on magnetic tapes in the categories listed as: 0. 

Code-Name, Code Index; 1. Code-Name, Name; G. Allergy, Inhalants 

and Scratch Tests; K. Allergy Mixes, Scratch and Intradermal 

Tests; I. Respiratory Disease Questionalres; J. Smoking History; 

K. Spirometry; P. Lung Volumes; and R. Treadmill Studies.  Infor- 

mation in all of the other categories making up the Record File 

Structure have been collected and are ready for punching on to 

paper tape upon delivery of our Flexowriter-Selectadata Complex. 

The Flexowriter-Selectadata equipment was scheduled for delivery 

on 1 July but has not yet arrived from the manufacturer. 

By computation we now have approximately 2«,000,000 characters 

of information in our system. We have prograraced to have 4s500,000 

characters by the end of 1962;, and 10,800,000 characters by the 

end of 1963. 

In addition to the data already machine coded, sequenced, 

filed and categorized in specific format on magnetic tapes our 

system has produced in continuum an amount of clinical, physio- 

logical and laboratory infinrmatlon manual copies ready for trans- 

cription on to paper tape in machine code for computer input. 

The current totals of this information is approximately 75,000 

« 
characters.  Our systems provides for a continuum in the collection 

of this data.  In the near future we hope to perform information 
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collection and computer input functions on A current, daily, 

basis. 

II. Program Library. 

Medical programs, statistical programs and logic-housekeep- 

ing programs have been designed and written.  The medical pro- 

grams currently completed or in writing include computation of 

spirometry values from raw data inputs, a table of frequency- 

distribution of past and present illness in our patient and 

normal subject populations, logic programs covering the follow- 

ing disease states: bronchitis obstructive, bronchitis non- 

obstructive, bronchial asthma, obstructive emphysema, and pul- 

monary hyperinflation. 

Logic-housekeeping routines include programs converting 

data from paper tape source to High Speed Memory and storage in 

appropriate Data Record File Locations| extracting data from 

the Master File and assembling into desired population nodes for 

study and analyses; producing alpha print outs of descriptive 

diagnostic terms and logic for patient discrimination. 

Systems planning has been developed to accommodate, by 

intrinsic computer programming, the need for updating and 

modifying Record File Structure as new data is entered, unwanted 

data is eliminated and quality-contiol processing occurs. 

The majority of the classical statistical routines required 

over the first year of operation will be obtained from the RCA 

Users" Library and will consist of:  Floating Decimal Arithmetic 
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Subroutines, Square Root «nd Transcendental Subroutines, Linear 

Equations and Matrix Inversion Programs, Multiple Regression and 

Correlation Prograas, Least Squares Polynomial Fit Program, and 

Analyses of Variance Programs. These routines provide other 

desired arithmetic and statistical outputs in the process of 

computing the principal result.  Certain portions of these library 

programs will need rewriting in order to be compatible with our 

equipment configuration. 

III.  Systems Progress. 

i 

I 

) 

1 

n 

Systematic review of the processing requirements involving 

the analyses of the volume and types of data to be processed were 

initiated. Continual exploration of present data processing 

methods, alternative possibilities, and benefits which would be 

realized through computer processing are in existence. Detailed 

studies were made of every related Job, paper, document, and pro- 

cessing operation of the essential elements of information in the 

current processing system.  Consideration of opportunities fcr 

generating other needed information or eliminating present steps, 

processes and information manipulation were also performed. 

A study is under way relative to organizational, functional 

and projected resource requirements of a computer center complex 

in a medical and scientific environment. 

IV, Equipment Selection and Site Preparation. 

Studies were made of on site computer installations in the 

local area to evaluate and analyze the best systems and equipment 

?7 



i 

I 

I! 

i 

i 

! 

I 

in determining the peripher*! systesss necessary to optimize the 

needs of our project. 

Consultations with massufacturer representatives, attendance 

of seminars, and conferences with users were also accoraplished 

as an aid to design and selection. 

Coordination with area Engineers, local EnginAsrs, RCA 

Engineers, Purchasing and Contracting personnel and potential 

contractors was conducted in planning for cur computer center. 

The contract for site construction was given final award on 

9 July 1962 and construction personnel started working the follow- 

ing day. Construction completion date is 30 days after start of 

work, however, it is expected that the computer could be received 

for check-out, site test and debugging by computer engineers no 

later than 1 October 1962. 

V.  Outputs. 

Computer produced listings of all machine converted data, in 

specific sequences, was accomplishad.  These listings are indis- 

pensable for the inventory of the file composition, appraising 

validity of data and planning for current and projected actions 

on the file structure. 

Summary and Conclusions: 

Experience to date substantiates that this problem is computer 

oriented and that an excellent state of readiness has been achieved 
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for on site computer utilization.  The essentiality of an on site 

computer facility to process tMs problem has been further strength- 

ened by the difficulties over the past year in attempting to rent 

computer time from other users. 

It has been further demonstrated that in-house personnel must 

acquire and ever strengthen their own capabilities to design, 

organize, program and operate whatever type of computing center is 

required for their special areas.  You can not depend upon others 

to do it for you. 

The overwhelming importance for developing a solid, intelli- 

gent, stable system for operating the computing center has emerged 

as one of our most vital experiences. The computer controlled 

center must be organized in detail with great precision. 

Our experience to date indicated that additional personnel 

will be required in the near future.  For planning purposes we 

recommend that the following personnel be programmed for: 

1. Flexowriter Operator. GS-4 level. 

2. Computer Console Operator.  GS-4 level. 

3. Two Computer Programmers.  GS-9. 

The scientific products which will be generated from the 

computer control center vrill commence to take form once computer 

installation is accomplished and the existing system of data 

collection, machine language conversion, data storage^, data re- 

trieval and Record File manipulations are adequately tested and 

debugged. Once this is accomplished it is planned that during 
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the. first ye«r of on alts, ccmpntsr  proc«f*ing major efforts will 

be devoted to VAlidction «nid acalysis of the nwmeric&l iniförnwi- 

tioa so as to achieve our first approjcimatiori of data ordering 

for patient classification. Time sharing of this operation with 

the diagnostic programs in symbolic logic and Boolean functions 

will be accoiEplished. 
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Ifticlassified 

In a review on dermal sweating Mitchell and Biamilton in 1949 

reported calcium sweat values ranging from 8 to 265 mg/liter«, This 

meant that under high sweating conditions, the sweat calcium could 

account for up to 30^ of the daily total body loss. In all, three 

studies were performed to evaluate the sweat excretion in relation 

to the total calcium excretion and calcium balance. Study I was 

performed in a temperate environment. Study II at temperatures of 

70, 85 and 't00oFv  and Study III, 16 days at 100
oP. 

Tbe  data presented in these studies show that an appreciable 

quantity of calcium is eliminated in the sweat, whether in a hot 

or a temperate environmento These findings are important since 

they show an additional calcitun loss, which has not been reported 

in previous balance studies. Under conditions of these experiments, 
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where men exBrcised for 100 mixtutes a day, these values approximate 

8,1 rag oalcium/hcair at 70{"Fj 11 «6 mg/hr at 850F and 2002 mg/hr at 

1Ü0oFo On low calciiun intakes (441 and 580 mg/day) the sweat calcium 

ranged from 23 to 37?^ of the total daily output. It is suggested 

that in past balance studies on low calcium intakes«, equilibrium may 

not have been attained, and men may have actually been in negative 

balance by 200 mg/day, since sweat losses were not considered» On 

the basis of this data it is suggested that calcium allowances for 

environments and conditions likely to cause sweating be increased to 

compensate for the losses due to sweatings 
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BODY OF REPORT 

Project No. 6X60-01-OOI IBTBRNAL MEDICINE 

Task No* 04 Metabolism and Nutrition 

SuVtask Ho. 1-1h The Relationahlp of Calcium In Sweat to Calcium Intake and 
Calcium Balance 

Description« 

The purpose of this study was to see if dietary calcium requirements are 

Increased due to calcium losses in sweat during profuse sweating conditions. 

Other problems to be investigated were whether or not the calcium concentration 

in the sweat is a reflection of the intake and whether or not the calcium 

excretion during exercise is higher in the heat or in a temperate environment. 

Progresst 

During the past year another study was completed to evaluate the 

relationship between calcium in sweat? calcium balance, and calcium require- 

ments. In Study I performed in a temperate environment, the men exercised for 

three hours daily. In Study II „ the men exercised for 100 minutes a day at 

temperatures of 70, 85 and 100oPo Study III, performed daring the past year, 

was conducted for a total of 32 days, on 3 healthy young men. In the control 

period, the men were exposed to a temperature of 750P for a period of 8 days. 

During the exposure to 100oP temperatures t, the men were exposed for 16 

consecutive days, and in the final recoveiy or adjustment period, the men 

again were exposed for 8 days at an environmental temperature of 750y« The 

subjects exercised at a moderate rate for only 30 minutes daily, the remainder 

of the day being spent in sedentary type activities. 
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Siunmaiy and. Conclusions g 

This data suggests that sufficient calcium may be lost during hea-vy 

sweating conditions (up to 20 mg calcium/houx) and that this loss should be 

considered in establishing recommended allowances for calcium. 

It has been ol»erved that 7 men consuming 441 mg of calcium/day in a 

study extending for a total of 48 days, excreted 8.1, 11.6 and 20*2  mg/hr of 

calcium when living at 70, 85 and 100°?. This accounted for 21.8, 25.1 anl 

33.2^ of the total calcium excreted. 

These findings are important since they show an additional calcium loss, 

which has not been reported in previous calcium balance studies in the 

literature.  It is questionable whether an individual, consuming a low calcium 

diet, ever really does attain calcium balance (equilibrium), under heavy 

sweating conditions. 

It «as observed that (a) the calcium excreted in sweat in men working 

at a light physical activity rate in extreme heat (100°?), is still fairly 

high after aoollmatizationg averaging 17 mg/hr after the first 4 days, and 

(b) that the dally total calcium in sweat will increase as the sweat rate 

increases • Therefore it would seem that the calcium requirements may be 

increased under these conditions. 

Publications t 

1. The Relationship of Calcium in Sweat to Calcium Intake and Calcium 

Balance.  C. Frank Consolazio, LeBoy 0. Matoush, Richard A. Nelson, Ernest 

Eugene Preston and L. Ross Hackler. Fed. Proc. 21, 2s A3062, 1962. 
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2« Calciian in Sweat as,d Its Psssilie Relation to Calcium Requirements o 

C» Prank. Consolazioy LeRoy 0<, Matouahp Riobaxd Ao Nelsonj, Ernest Eugene 

Preston and Lo Ross Hackler0 USAMRHL Report Bbo ^'665, Pebruaiy 1962^ 

3» In press«, Journal of Nutrition^ Septemlter 1962 issue« 
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As reported last year a manuscript has been prepared as one 

chapter in a nev book to be entitled "Never Methods of Nutritional 

Moohemistry with Applications and Interpretations" to be published 

by the Academic Press Inc., New Toric, Editor - Dr. Anthony A. Albanese. 

Final revisions have now been made and the book will be published 

in 1962. 
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BODY OF BEPORT 

Project No. 6X60-01-001 INTBKHAL MEDICINE • 

Task No« 02 Matalwlism sod Nutrition 

SaVtask No« 1-1 i Nutritional and Biochemical Aspects of Carbohydrates 

Sesoriptiont 

This report covers the preparation of a chapter on carbohydrates in a 

hook entitled "Never Jfethods of Nutritional Biochemistry with Applications 

and Interpretations" edited "hy Br> A. A« Alhanese and to he published by 

Academic Kress, Inc. New York. 

Progresst 

A chapter on Carbohydrates was prepared and includes 11 sections as 

follMst (l) Introduction to Carbohydrates, (2) Classification of Carbo- 

hydrates (3) Carbohydrate Metabolism, (4) Carbohydrates in Disease, (3) Bole 

of Carbohydrate in the Diet, (6) Normal Values of Carbohydrate Constituents, 

(7) Newer Concepts of Carbohydrate Metabolism, (8) Quantitative Chemical 

Analyses, (9) Paper Chromatography, (lO) Tolerance Tests, and (11) Qualitative 

Tests, 

During the past year the final revisions have been completed. 

Summary and Conclusions} 

A final draft was submitted for publication to the Editor, Dr. A. A. 

Alhanese and then to the Academic Press, Inc. New York, with a 13 May 1962 

press deadline. 

List of Publicationst 

In press. 
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unclassified 

It has "been shown that there is an increase in energy requirements 

of men living and working in an extremely hot environment. The 

increased requirements are due to the added heat load imposed on the 

body by extreme environmental heat and by solar radiation. 

Some of the main unanswered questions from these studies were 

whether the subjects were folly acclimated to the heat and whether the 

increase in energy requirements was due to insufficient training prior 

to the beginning of these experiments. In the present study the 

metabolic rate was measured under three strictly controlled levels of 

environmental temperature and humidity, replicated 4 times in a random 

order.  The plan would permit the calculation of a factor for the 

increased metabolic rate due to each 150P increment in environmental 

temperature. 
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Seven men performing standard exercise at 100oP had higher 

metabolic rates as compared to the same exercise at 85 and 700F, 

with average increases of 11.4^ for light activity, 13«3^ for moderate 

activity, and 11.7^ for heavier activity* The  data Indicates that 

these are not artifacts related to training or acclimatization* 
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BODY OF REPORT 

Rrojeot Bb, 6X50-01-001 JBTESSAL MBDICIHB 

Task Ho. 02 Metabolism and Nutrition 

Sub-task Bo« 1-2 The fcflBK Requirenents of Ifen Btgpoaed to Solar Radiation 
And Heat 

The Energy Ebcpenditure of Men Voxkln^ In the Heatjf 
The Effects of Training and Acolimatization 

Sesoriptiont 

Recent work completed by this Laboratory has shown that there is an 

increase in the energy requirements of men living and working in extreme heat. 

'Bale  increase is due primarily to the beat load imposed on the body by solar 

radiation and the extreme environmental heat. The increased heat load is a 

result of the increased action of the blood in heat transport, increased 

action of the sweat glands, increased caloric loss due to sweat vaporization, 

and to increased body temperature. 

The  object of this study was to measure the energy oost at three levels 

of physical activity of men living both in an extremely hot (380C), in a 

moderate (29.50C), and in a cool environment (2290),    In this experiment the 

temperature was controlled by using a constant temperature and humidity (30^) 

room for all three phases. In past studies the daily temperature has not been 

accurately controlled, having a range of 150C. under these conditions one can 

rule out the effects of acclimatization to the heat and the effects of training. 

Rrogress* 

Metabolic rates were compared on 7 young men performing three levels of 

physical activity at three environmental temperatures of 70, 85 and 1000F. 
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This study indicates that as the environmental temperature increases there 

is also an increase in metabolic rate of men performing a fixed activity. It 

has been shown that there «as a significantly higher metabolic rate for men 

woiking at 100 than 85 and 700P. These increases averaged 11,4^ for the light 

activity, 13.3^ for the moderate activity and 11,7^ for the heavier activity« 

Body temperatures also were significantly higher at 100 than at 83 and TO0? 

environments« The  findings in this study indicate that the metabolic rate of 

a fixed physical activity is increased in the heat and that this increase is 

not due to acclimatization or training« 

Publication: 

1« Environmental Temperature and Energy Expenditure. C« Trank Consolazio, 

LeSoy 0« Matoush, Richard A« Nelson and Juan B. Torres. USAMBUL Report Ho. 

267, 2 April 1962. 

2. In press. 
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Through participation of USAMRBL personnel as team members and 

consultants, and through chemical analyses of food and blood and 

urine specimens, this Laboratory has assisted the Interdepartmental 

Committee On Nutrition for National Defense in surveys to assess the 

nutritional status of civilian and military populations in several 

areas of the world. Surveys conducted during the past year included 

Burma, Jordan, Uruguay and two American Indian groups living on 

reservations in Montana« Final reports have now been published for 

surveys conducted in previous years in Chile, Lebanon, Thailand, and 

Taiwan» 
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Project No. 6X60-01-001  INTERJWL MEDICINE 

Task No. 04 Jfetaboliem and Nutrition 

Sub-task No, 1-4 The Nutritional Status of Military (And/Or 01-vlllan) 
Populations By Dietary. Bloohemlcal and Cllnloal 
Bvaluatlon 

Collaborative Studies with Interdepartmental Committee On 
Nutrition for National Defense, National Institutes of 
Health, US Public Health Service, Bureau of Indian Health 

Descriptiont 

The objectives of the surveys were (a) to characterize the nutritional 

level of the population, (b) to appraise the availability, source and use of 

foods, (o) to determine the dietaiy patterns, (d) to assess the technology 

and production of food, and its regulatory control, and (e) to review hospital 

and institutional feeding, in order to provide background for improvements in 

the nutritional health of the people of each group of individuals. Another 

objective of the surveys was to afford training and experience for personnel 

within the several responsible ministries and agencies concerned with nutrition. 

Progress: 

Final reports were prepared for the Lebanon, Chile, and Thailand studies. 

Reports are now in preparation, correlating the ■bloohemlcal, dietary, clinical, 

dental, and food technology findings, for the other surveys, 

A. American Indian Study» 

In the American Indian study all of the biochemical procedures to evaluate 

nutritional status were done at this Laboratory. They included protein, albumin, 

hemoglobin, hematoorit, vitamin C, vitamin A, carotenej iron and BBC riboflavin - 
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done on 373 bloods. Hhere were 434 urines collected and analyzed for thiamine, 

rlboflavin, N^MN, creatinine, urea nitrogen and total nitrogen,, In addition 

chemical analyses of all the nutrients were also completed on the food 

composites and the individual welfare items« TTSAHBSL members of the survey 

team included C. F, Conaolazio, Chief, Bioenergetios Division, who served as 

the Biochemistry Section Chief, and LeRoy 0« Matoush, J. B. Torres, and 

R. A. Nelson. 

B. Jordan» 

Clinical, dietary, and biochemical examinations were made of samples of 

the population in Jordan in April, Hay and June 1962.  These assessments 

included search for physical signs of malnutrition, and quantitative biochemical 

measurements reflecting nutriture with respect to various vitamins, iron, and 

other nutrients. 

Approximately 9»300 - 10,000 examinees were included in one or another 

aspect of the survey and over 800 samples of blood and 700 specimens of urine 

were analyzed. Civilians, including recipients of UBBWA benefits, and military 

were included. Food intake was measured at 11 military installations in various 

areas of Jordan. C. F. Consolazio, Chief, Bioenergetios Division, USAMHHL 

served as Chief, Nutrition Section of the team. 

C. Burma: 

This survey took place from October - December 1961« Approximately 9,300 

clinical examinations were completed with 30^ being military personnel« In all 

732 bloods and 684 urines were analyzed for the routine ICHND analyses. 

Additional analyses included 300 BBC transketolase, an index of thiamine intake, 

and 30^ were found to be in the deficient range. The status »of vitamin E, 

using the BBC hemolysis test was completed on 197 samples, showing that 11^ 
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were deficient and 130 samples of urine were analyzed for their vitamin ?g 

content; 60,Tfi of the samples were found to have low vitamin Bg excretions» 

Ecyptophan load tests, performed on 55 men, showed that 439^ of the subjects 

had masked zanthurenic acid excretions, which is an indication of deficient 

vitamin Bg intake« 

USAMRKL memhers of the survey team were Hbwerde E. Säuberlich, Chief, 

Chemistry Division, who served as the Biochemistry Section Chief, and Captain 

George E. Bunoe, HSC, Chemistry Division. 

D,    Uruguay» 

A survey was conducted in Uruguay during the months of March and April 

1962 by & Joint Uruguayan—American team sponsored by the KSDS«  5944 persons 

were examined, including 573 military and 5371 civilians.  Goiter was the 

most striking clinical physical finding noted with the incidence ranging from 

27*7^ to 69^ in various locations.  Biochemical determinations were performed 

with the greatest "deficiencies", as defined by ICMND criteria, noted in the 

serum vitamin C levels. Complete analyses of clinical and biochemical data, 

including food composites, are in the process. Food technology has not been 

developed to the optimum.  The agricultural land is low in phosphates and 

needs fertilization. 

Special studies conducted during this survey included evaluation of 

selected older individuals for diabetes and arteriosclerosis. The  determinations 

of contraction time of the Achilles reflex (Lawson test) for evaluation of 

thyroid function and its relationship to the presence of goiter was carried 

out on 1156 individuals.  Data evaluation of these special studies is not 

complete. 
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Lt. Colonel John E. Canham, MC, Chief, Metabolic Division, USAMRHL, and 

Colonel John S« Zelenik, MC of Pitzsimons General Hospital were members of the 

olinioal survey team, and Lt. Colonel Marion E. McDowell, MC, Commanding 

Officer, USAMRHL participated in the prior planning in Montevideo for the 

survey* 

E. Lebanon i 

A nutrition survey was performed in the Republic of Lebanon during March 

and April of 1961 and the final report was completed and published during 

this year. The survey team was composed of Lebanese, American, French, and 

United Nations Agency personnel who evaluated the availability of food, food 

technology, dietary pattern, and the physical and biochemical status of samples 

of the military, civilian, and refugee segments of the population of the country. 

The USAMRNL member of the clinical team was Major William T. Runes, HO, 

Metabolic Division, USAMRHL. Over 8600 individuals were examined, including 

the military (2284), refugee (1485) and civilian (4851) groups. It was found 

that the caloric intake of the average Lebanese adult is adequate, but a 

deficit in caloric allowance was found in the refugee. Thyroidal enlargement 

was the greatest sign of nutritional inadequacy which was confirmed by the 

finding.of low urinary excretion of iodine. Dietary» biochemical and clinical 

evidences of widespread deficiency of riboflavin were encountered in all 

segments of the population and throughout the entire country» Clinical signs 

of hypovltaminosis A were found scattered throughout all groups studied and in 

the armed forces there was additional evidence of inadequate dietary intake of 

this vitamin. Recommended corrective measures includet iodation of salt, 

increased production, use and availability of ribof lavin containing foodstuffs, 
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and agricultural plarming with attention to improving the seasonal deficiency 

of vitamin A in the dletaiy» 

F0  Completed Reports?! 

Final reports of other ICHND surveys were completed during this reporting 

year. They consist of the report on a nutrition survey of Chile conducted in 

March - June 1960 in which Lt. Colonel Marion E. McDowell, MC, of ÜSAMRHL 

participated as a clinician, and reports of the  surveys of Thailand and of 

Taiwan in which USAMRNL members of the Nutrition Section of the team were 

C« Prank Consolazic and SSG Juan B. Torres, 

G« Resume of Foreijgn Officer Training In Nutrition and Nutritional Research 

Techniques s 

During the past year three foreign officers, one from Taiwan, one from 

Pakistan, and the third from Iran, received -nraining at ÜSAMRNL in the field 

of nutrition and in the various clinical, biochemical and dietary techniques 

required to evaluate the nutritloral status of a population» 

Conclufliona t 

Continued participation in nutrition surveys sponsored ty the ICHND and 

other cooperating agencies is most desirable because of (l) the valuable 

experience gained in techniques of assessment of nutritional status in population 

groups, (2) the opportunities to observe and study particular nutritional 

problems less common in this country, (3) the valuable service rendered both 

to the civilians and to military groups in other countries =, which incidentally 

serves as a concrete example of U, S» goodwill, and (4) because of the knowledge 

gained pertinent to global medicine« 
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Specific cünolaöio.us are  deferred v.)  publication of the comprehensive 

owcrej reports ty 1CWJ>9 ox of special, reports from tMs Laboratorry. 

Publications g 

1 o    Republic of Chinas    Hutrltion Survey of +.he Acmed F^ot-ces Sept - 

Oot 'k960e   A prelindnary report of the 1CMD, -July 196% 

2#     (ßia Eingdoin of Thai'iar-d« Nutrition 9urvey9 Oc-Äber - December 19600 

Report of the ICKHDj Petrjary 1962«. 

3o     Republic of Lebanono    Hutrition Survey Pebraaiy - April   )961o    A 

report of the  ICHBD,  May  '9620 

4-.     Chile Nutrition Survey March - Jur-.e t960o    A report of the ICKNDj, 

Auguis t  ! 96t o 
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ABSTRACT 
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Nutritional Evaluation of A Normal Milltaiy Population 
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Hospital, Denver 30$ Colorado 

1 July 1961 - 30 June 1962 

Authorss C, Prank ConsolaziO; Ralph Shapiro, Gerhard J. Isaac and Laurence 
K» Bursh* 

PCS MEDra-288 

Unclassified 

Anthropome trie and biochemical data, previously gathered on 

military personnel, including Any, Navy and Air Force units in the 

Denver, Colorado Area, and described in last year's Annual Progress 

Report (1 July 1960 to 30 June 1961) has been published in detail in 

USAMRNL Report No. 260, 14 August 1961, and is now in press, in 

re-edited form, in the American Journal of Clinical Nutrition. No 

new data have been collected in the past*yearo Published data 

include the ages9 heights, body weights, blood pressures, and sklnfold 

thickness measurements of 4144 enlisted men, chemical analyses (on 

eveiy 5th man examined) consisting of hemoglobin, hematocrit, plasma 

protein, vitamin C, vitamin A, carotene, fat partitions in the blood, 

and urine analyses for thiamlne, riboflavin and N-Jmethyl-nicotinamide 

and caloulated/gm of creatinlne excreted. Data were classified into 

8 separate age groups and then compared to ICNND and to other normal 

data in the literature. 
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Erojeot ITo. 6X60-01-001 ISTBBSAL  MBDIOIHB 

Task No» 02 Metabolism and Nutrition 

Sub-task B6. 1-4a The Nutritional Statns of Military Populations ftr MLetanr« 
BLoohemioal and Cllnioal Bvaluatlon 

Nutritional Evaluation of A Normal Military Population 

Sesoriptlont 

Recent studies ty Ballack in Formosa in 1956 and tgr ICHHD survey teams 

in 23 countries of Asia, Africa, Europe and South America have stressed the 

importance of obtaining anthropometrio and biochemical data on milltaiy 

personnel for purposes of comparison among surveys and with other groups. 

Another problem which is of concern to the milltaiy is that of obesity» 

particularly among individuals in the older age groups, who are engaged in 

light or sedantsxy activities» 

The object of this study was to gather anthropometrio and biochemical 

information on selected military personnel of all ages living in the Denver, 

Colorado area. This would help establish normal standards for the evaluation 

of the nutritional status of military populations. 

Progresst 

During the current year the data has been further analyzed and reviewed, 

the manuscripts edited and a detailed report published as DSAMRNL Report No. 

260, 14 August 1961. In addition, the manuscript has been further edited and 

is in press in the American Journal of Cllnioal nutrition. No new data has 

been collected in the past year, though plans are being made for resumption 

of annual nutrition surveys of selected Amy Camps and Stations.  . ' 
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Siunmaiy and Conoluslonsx 

The nutritional status of mllitaiy personnel fzoa the army, navy and 

air force in all age  groups were evaluated "both anthroponetrioally and 

biochemically. Anthropometrio measurements were collected on 4144 enlisted 

men and included ages, heights, body weights, blood pressures and skinfold 

thicknesses. Biochemical analyses 'in bloods and urines were done on 

approximately 800 samples. The data was analyzed "by age groups and compared 

to ICMD and other normal data in the literature* 

The following conclusions were noted in the datat 

1. There was a decrease in height with age (175.5 - 172.0 cm), the 

tallest men being in the youngest age group. 

2. The body weights increased with age up to age 45 years (69*9 - 

77-3 kg). 

3. There was an increase in 3 of the 4 skinfold thickness measurements 

with an increase in age (chest, abdomen and sub-eoapular). 

4. Of all the blood and urine data only total cholesterol, total lipid 

and phospholipid values showed an increase with age, 

5*  11.39& of the thiamine excretion/gm of creatinine were in the 

deficient ICMD range, (it should be noted that 95^ of these values were on 

married men living and eating at home.) and 16.0^ of the plasma protein 

values were in the deficient ICMD range of below 6.0 gm. 

List of Publications: 

1. Nutritional Evaluation of a Normal Military Population.  C. P. 

Consolazio, R. Shapiro, G. J. Isaac, and L. M. Hursh, USAMRHL Report No. 260. 

14 August 1961, Denver 30, Colorado. 

2. In Press. Am. J. of Clinical Nutrition. 
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Unclassified 

The Ü. S. Army Medical Service in cooperation with the ü« S. 

Army Quartermaster has developed a high calorie—high protein 

beverage powder for use as a food supplement primarily at battle 

group aid stations. This food supplement, that can be served 

either warm or cold, was field tested for acceptability using a 5 

category scale, at the "Exercise Lava Plains'* Yakima, Washington 

from May 8 - 22, 1961» Four ounces of the dried powder, made up in 

6 ounces of water, was consumed by 447 simulated and 24 actual 

casualties. Preliminary evaluation of the data show the food 

supplement to be highly acceptable. In the group of 471 individuals 

only 13 men disliked the product. Very few, if any, adverse after 

effects were noted. USAMENL Report No. 263» 18 September 1961 was 

published recommending adoption of the supplement for use at forward 

medical installations. 

to 



fl 

I! 

li 

I 

BODT OP REPORT 

Project No.   6X60-01-001     INTBRITAL MBDICIMB 

Task. No, 02    Metabolism and Nutrition 

Sulj-task No.  1-10    The Aooeptability of A Hirfi Protein-High Calorie Chocolate 
Drink 

Descriptions 

The main object of this study was to evaluate the acceptability of a high 

Calorie-high protein food supplement, under simulated combat conditions» This 

instantized dry powder contains dfoSfi whole milk, 8*3^ sugary 2*3^ cocoa, 1»9^ 

vanilla sugar, and 0.23^ instant coffee. Pour ounces of the dxy powder contains 

approximately 390  Calories. The supplement was available in 4 ounce plastic 

containers and in one pound cans. 

Background information relative to the development of this ration 

supplement is summarized in USAMRML Report No. 263, Id September 1961. 

Progresst 

The general plan was to test the acceptability of this food supplement on 

simulated and actual casualties during the field test (Exercise Lava Plains)» 

Simulated casualties were studied at 3 battalion aid stations, at three 

clearing stations (MASH hospital) and at the 8th Field Hospital. The actual 

casualties were studied at the 60th Field base hospital. 

Troops were questioned daily on whether they liked or disliked the 

chocolate supplement, using a 5 category acceptability rating scale. In 

addition they were questioned on the subjective and objective responses that 
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may be due to the chocolate supplement (nausea, vomiting, diarrhea, consti- 

pation,, etc.)«  Information also included (a) the maximum quantity to he Issued 

at one time, without ill effects, (b) the best temperature for consumption, (c) 

whether the instantized dry powder was easily prepared «aid (d) whether the 

plastic containers or the one pound tins were practical under field conditions. 

This field study was completed in May 1961 and the report was prepared 

and published during this reporting period, in September 1961. 
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Summary and Conclusions« 

The acceptability of the high Calorie—M£h protein food supplement «as 

evaluated on a total of 471 men (447 simulated and 24 actual casualties) 

engaged in "Exercise Lava Plains'* at Takima, Washington from Kay 8 - 22, 1961. 

Of the 447 simulated casualties questioned only 11 men or 2.5^ expressed 

dislike for the product» The only undesirable side effect, presumably 

attributable to the food supplement, was the stomach upset reported by two 

of the mono The acceptability is increased when the food supplement is served 

warm in cold weather and cold in warm weather» 

The high Calorie-high protein food supplement is highly recommended 

for use at battalion aid stations, clearing stations and field hospitals 

for casualties« 

Publications s 

Field Test of A High-Calorie, High-Protein Beverage Powder for Use AB 

A Ration Supplement at Forward Medical Stations» C. Frank Consolazio, Juan 

B» Torres and Marion B« McDowell» USAMRIIL Beport Ho, 263, 18 September 1961. 

S^ 

•■ 



r 
fj 

I 

II 

ANNUAL PROGRESS REPORT 

Project Ho. 6X60-01-001 

INTBRNAL MEDICINE 

Task No, 02 - Metabolism and Nutrition 

Sub-task No. 1-11 Nutrient Loseea in Sweat 

U. S. Army Medical Research and Nutrition Laboratory 
Fitzsimons General Hospital 

Denver 30, Colorado 

Bioenergetics Division 

1 July 1961 - 30 June 1962 

i 

i 

y 

C. Frank Consolazio 
LeRoy 0. Matoush 

Richard A. Nelson 
John E. Canham, Lt. Col. HD 

Richard S. Harding 

QUALIFIED REQUESTORS MAT OBTAIN COPIES OF THIS REPORT FROM ASTIA 

Reports Control Symbol - MEDDH-288 

UNCLASSIFIED 

S3 



I 
I 

i 

i 

I! 

I 

i; 
r 

ABSTRACT 
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Chelasslfied 

In a 16-day study on men exposed to 1000P in 70jC relative humidity, 

complete mineral balances (sodium,potassium, magnesium, phosphorus and 

iron),and nitrogen balances were conducted on men while on a constant 

daily intake (except salt) and constant daily activity. In addition 

to 4-day fecal and urine collections, sweat samples were collected 

daily both morning and afternoon and were analyzed for sodium, 

potassium, magnesium, iron, nitrogen and phosphorus.' The 7^- hour 

excretion in sweat of the various minerals measured, ranged from 

2.37 - 10.8 gm for sodium, 9 - 28 mg for magnesium, 0.65 - 1»77 mg 

for iron, 3.4 - 9»9 og of phosphorus, and 516 - 863 mg for potassium. 

The sweat losses accounted for 5*3^ of the total magnesium losses, 

25^ of potassium losses and approximately 10^ of iron losses. 

Nitrogen excretion in sweat ranged from 1.55 - 2.38 gm/Tj- hour period 

accounting for 12 - 18^ of the total dally Intake. Phosphorus losses 

in sweat were negligible. 
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Project No. 6X60-01-001  IKTERNAL IfflDICINE 

TSask No. 02 Metabolism and Nutrition 

SuT>-task No. 1-11  Nutrient Losees in Sireat 

Sesoriptiom 

The primary purpose of this experiment is to measure the quantity of 

various nutrients and metabolites excreted in the sweat of men exposed to 

increased environmental temperatures, and to evaluate the relation of this 

sireat loss of nutrients to acclimatization, level of intake, state of balance, 

etc. Such studies are of importance since losses by sweat may be considerable, 

but have frequently been ignored in past studies published in the literature. 

Progress! 

In a 16-day study, 3 men were exposed to 100°? and 70^ relative humidity 

daily for ijg hour periods, and sweat collections were made. Physical activity 

was kept at a minimum, the men working only 30 minutes a day. Food composites, 

urine and fecal collections were made on each man for four 4-day periods. 

Daily morning and afternoon sweat rates and sweat samples were collected and 

analyzed so that balances could be computed including and excluding the sweat 

losses. Analyses of Na, K, Mg, Pe, total nitrogen and phosphorus have been 

completed on the food composites, urine, feces and sweat samples, and freezing- 

point determinations have been done on the sweat.  Creatinine, urea, uric acid 

and non-protein nitrogen sure now being analyzed in the sweat samples. 
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Summary and Conclusionsi 

In a 16-day study of 3 men exposed for 7^- hours daily to 100op and 70^ 

relative humidity the 7^ hour excretion in sweat of the various minerals 

measured ranged from 2*37 - 10.8 gm for Ha, 9 - 28 mg for magnesium, 0.63 - 

1.77 mg for iron, 3*4 - 9*9 mg for phosphorus, and 516 - 863 mg for potassium 

(for the 7£ hour period), de sweat losses accounted for 5»3^ of the 

magnesium losses, 2595 of the potassium, approximately 10^ of the iron, and 

only 0,8^ of the phosphorus. 

The range of nitrogen excretion in sweat in thin study was from 1.55 ~ 2.38 

gm in a 7^- hour period. This accounted for 12 - 18^ of the total daily intake. 

Protein nitrogen excretion in sweat ranged from 144 - 250 mg for a Ji hour 

period, creatinine from id - 31 mg and urea nitrogen from 0.52 - 1.03 gm for 

a Tj hour period. 

These data suggest that a considerable quantity of minerals and nitrogen 

may he excreted in sweat, and that these losses should he considered «hen 

computing balances and estimating requirements. 

Publications t 

None.  Tiro manuscripts are in preparation for publication. 
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In Februaxy of 1962 the IT. S. Navy Medical Research Institute 

conducted a study on 100 navy recruits, living in a fallout-shelter 

for two weeks. During the study the men were at first allowed 

approximately 1480 and then 2000 kCalories/day, which consisted 

primarily of a commercial cracker under consideration as an austere 

ration for shelter stock-piling. 

Fasting bloods and 6-hour urines were collected on 25 of the men 

before and after they came out of the shelter. In addition 24-hour 

urines were collected. 

The chemical analyses conducted at the USAMRNL in a collaborative 

effort Included vitamin A, carotene, total protein, albumin, hemo- 

globin, hematocrit, vitamin C, RBC riboflavin and RBC transketolase 

on the blood; and thiamine, riboflavin, niaoin, pyridoxine and 
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creatlnine in the fasting and 24-hour urines. The data is now being 

processed for a future publication.  Overall acceptability of the 

crackers (,96$) was better than had been expected from observations 

on the 2-day pre-test study« Higher values for total plasma protein, 

hematocrit, and hemoglobin after the test suggested the occurrence of 

a degree of dehydration. Weight loss occurred with an average of 

3*0 lbs lost during the 8 days at I48O Calories, but only 0.4 lbs 

mean weight loss during the last 6 days at 2000 Calories/man/day. 
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Project No. 6X6O-O1-0O1  INTBBNAL MEDICINE 

Task No. 02 Metabolism and Nutrition 

Sub-task No. 1-12 Nutrition Study of Man In A Fallout Shelter 

A Collaborative Study With the Naval Medical Research 
Institute, Bethesda, Maryland and DSAMHHL 

Descriptions 

A study of the nutritional status of a randomly selected sample from 

approximately 100 naval recruits maintained for two weeks in a fallout 

shelter on a rather austere ration being considered for stock-piling for such 

shelters. This study, carried out Jointly Toy this Laboratory and the National 

Naval Medical Center, took advantage of the opportunity to make these obser- 

vations during a habitability study (the main purpose of the test) in a pro- 

tective shelter at the National Naval Medical Center, Bethesda, Maryland, 

between 17 February and 3 March 1962. 

Progress and Summary: 

The main constituent of the diet was a commercial cracker (National 

Biscuit Co.) which contains wheat flour, cane sugar, corn flour, com sugar, 

cotton seed oil, soya flour, salt, leavening, vitamin B|, and a preservative. 

Two meals were planned.  The first or cold meal consisted of 172 gm of crackers, 

20 gm of jam, and sugar and Pream for coffee. This meal would provide about 

890 Calories,  übe second or hot meal was to provide 172 gm of crackers, about 

90 gm of a condensed soup, 16 gm of peanut butter, and sugar and Pream. This 

meal would provide 960 Calories, for a total daily intake of 1850 Calories. 

<f€> 

* - L\s 



I 
i 

In a two day pre-test, consumption of the crackers was much less than expected, 

particularly at the hot meal with soup« For this reason, the issue of crackers 

at the start of the 14-day test was reduced to 86 gm for the second meal, thus 

providing about 1480 Calories/man/day. A mean weight of 5»0 lbs occurred 

during the first 8 days of the test with this reduced caloric intake. Hie 

issue of crackers was then increased to the planned level for the remainder 

of the test. Weights were fairly stable on the higher caloric intake, with an 

average weight loss of only 0.4 lbs during the last 6 days of the test. 

Acceptability of the crackers was better than had been expected from the 

observations on the 2-day pre-test study. An overall acceptability of 96^ was 

found, with no pronounced difference in acceptability when the issue of 

crackers was increased for the latter part of the study. 

A study of the nutritional adequacy of the ration was made. Blood and 

urine samples were obtained from 23 subjects two days before entering the 

shelter, and second samples taken from the subjects wltUft two hours of 

emerging from the shelter and before any normal foods were consumed. The 

following assays were made at the ü. S. Army Medical Research and Nutrition 

Laboratory at Denver: plasma vitamin A, carotene, and vitamin C, hemoglobin, 

hematocrit, RBC riboflavin, blood transketolase activity, urinary creatinine, 

N1methylnicotinamide, thiamine, riboflavin, and vitamin Bg. 

Preliminary Conclusions: 

A comparison of pre-test and post-test values indicates that there were 

higher values for total plasma protein, hematocrit, and hemoglobin after the 

test. This,might be partially due to a degree of dehydration. There were no 

overt signs of vitamin deficiency; however, blood levels of carotene, riboflavin, 
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vitamin Bg, and vitamin C were all lover at the end of the test than initially, 

though they were still well above lower limits of normal. The data is being 

further evaluated, and another test is planned for July 1962 in whioh water 

balance «ill be included* 
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Ohclasslfled 

No new studies have been Initiated on this project 

during the past year due to transfer of personnel. 

Because of Its importance to nutrition and Irradiated 

foods, renewed efforts will be made to study the changes 

brought about In enzymatic activity by Irradiated foods. 

Successful field applications were made of the 

erythrocyte transketolase assay (thlamine) and eryth- 

rocyte cell fragility (vitamin E) methods in the 

nutritional survey In Burma this past year. 
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BOOT OF REPORT 

Proje-it No. GBSO~01~001    HmRSAL MEDICIME 

Task Kc. 02 Ms-babculiam and Nutrltlija 

Sub-task Wo. 2-7 Tissue aod Blood Bizymes of Rats Bating 
Irradiated Foods 

Description and Sunmary; 

No nsw studies have "be'sn Initiated on this project during the 

past year due to transfer of personnel. Because of its possible 

importanes to nutrition and irradiated foods« renewed efforts 

will toe made to study the changes brought about in enzymatic 

activity by irradiated foods. Bnph&sls will be placed on total 

liver liplds as well as mitochondrlal lipid changes due to 

irradiated foods. Bie cytochrome oaddase system will be the 

enzyme system of choice since it is the most affected by irradiated 

diets. 

Successful field arplications were made of the erythrocyte 

transketolase assay (thiamlne) and erythrocyte cell fragility 

(vitsanin E) methfvis by maaßiers of the Chemistry Division during 

their participation in the nutrition survey in Burma, sponsored 

by the Ihterdepaartaaeatal Ccanlttee oa Uutriticoi for Rational 

Defense, this paet yestz*. 

List of Publieatirc^: • 

None. 
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unclassified 

Techxiii&J. aaslstance and liaison la^tvesn TSGO and 

SGO contract xrs liaa csaetlnuad.    Currant prograss reports 

and final areports have bean rscsived, duplicated and 

distributed to 800 and QMP&CI. 

Scientific mestlnge vaire attended vlth participation. 
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Rrojetjt Ho. 63CgO-01-001    USTBRKAL MEIDIgmB 

Sub-task Bfo. S-8 Supervlslan of OTSG Irradiated good SteJBMäMI 

Description and Sunmary: 

Suparvlslaa of contracts let by 0TS3 regarding Irradlatad foods 

vas provided.   Moai.taring, printing and distribution of prograss 

or final räpcrts vans alst) prcnrlded. 

Papers on Irradiated food studies were presented at 1) Food 

and Agriculture Organization of the United Hatloas   Technical 

Meeting on the Evaluation of the Vhalescmeness of Irradiated Foods, 

Brussels, Belgium, In October 19^1, 2} MEND Syqposlum oa 'Nutrition 

In Batl an&l Defense," Deavar, Calccrado In Äy 1962. 

list of Publli-jatlons: 

1. "Studies of the Wkuvlejcineness and Hutrltlonal Meqiiacy of 

Irradiated Pocxis."   Sujuwary of Results of Rtrtlclpatlon in the QH 

Ftsod Irradiat.ian StarlllsatliMa Prograa. In Proceedings» Seventh 

Contractors * Mae-.lag, QMS :aa>llatijg. Pres»ar7atl<qn of Foods Rroject» 

Juate 1961. 

2. McsDywell, M. E.    Rwrlew of the U. S. Army's Irradiated Food 

Wholeaomeness PRJSPSSD. (pr-r-ye^.ted at the PAO-WHO-ABC Technical 

Ifeetlng on the Bpalucticvi of Whoiesfaneness of Irradiated Foods, 

Brussels, Belgium, £3-30 October 1961).    U.S. Army Msd. Rsch. & Ifutr. 

Ltto. Rpt. #268, 1962. 
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The administration of PAS-C (para-aminosalicylic acid- 

ascorbate) to tubercmlous patients. In place of PAS acid or 

sodium PAS has resulted In distinct advantages. Since PAS-C 

has not been described in the literature as a vell-deflned 

chaolcial entity, it was necessary to characterize the 

compound. 

By the use of chemical and physical methods of analysis, 

PAS-C appeared similar to PAS. The laboratory synthesis of 

PAS-C using radioactive ascorbic acid resulted in a product 

•which contained such minute amounts of ascorbic acid as to 

rule out the possibility of a definite compound as PAS-C, 

and explained the inability of physical and chemical means 

to distinguish the free acid from the PAS-C. 
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Project No. 6x60-01-001    jaTBRHAL MEDICIME 

Otesk No. 06 Metabolism aai Natritloa 

Sub-task No. 2-13 Quantitative Detarmlpatlon of Antltuberculous Drugs 
In Body Fluids 

Study No. 2   The Chemistry and Mstabolism of PAS-C 

Description: 

Pilot studies have shewn that PAS-C is better tolerated by 

tuberculous patients as compared with PAS.    Furthemore; optimum 

blood levels of PAS can be achieved with lower doses of PAS-C than 

with PAS.    It is of interest to understand the mechanisms whereby 

PAS-C and PAS are metabolized by the body. 

Progress: 

By use of spectraphotametrlc absorption curves. Brat ton-Marshall 

chamioal assay, carbon-hydrogen analysis, paper chroraatography, 

derivative fonnation and titrstion with'Csodlum nitrite, PAS was the 

same as PAS-C. Bovever, the melting points were different, though 

these tended to change with time, and eventually gave the melting 

point for the PAS acid. 

Though a figure of 3-4^ ascorbic acid has been reported for 

PAS-C, this could not be confirmed by subsequent assay. Therefore, 

a PAS-C was synthesized in this laboratory using ascorbic acid C1^. 

The results show that small amounts of ascorbic acid are present 

in the first crop of crystals. This product has the melting point 

of PAS-C. With repeated recrystallization, the specific activity 
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Sub-task Ho. 2-13, Study No. 2 

deeraascs and the meltlog pslat ra«eh«« that of free PAS acid. It 

■wss QftlculRtSii that thare ■«aa 1 msl^j'ule of asüjirbie sold to 64,000 

ajülacoles of PAS for eaib. dlsintsgration per minute. This gave a 

maadmuni of 20 MOlaeulea cf asiyrbic acid to 64,000 nsDleculea of PAS. 

I 

Sunanary and Conelusläas: 

Ascorbic acid doea not rMUSt with PAS to ftxcm a definite chemlcsal 

eo/fclty.    Its different blolflgloftl activity may "be related to the 

purity of the PAS, as it la re.jryBtalllzed, or to the change In 

crystalllne structure of the PAS as It Is recrystalllzed from a 

solution containing ascorb ia acid. 

List of Publications: 

NoGe at this time. 
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Studies have been continued on the susceptibility of various 

vitamin K preparations to ganna irradiation. Data indicate that, 

vhen sealed under vacuum, vitamin Ki and vitamin K5 are stable to 

100 megarads, while activity of vitamin K3 is reduced by kCff>. 

High levels of vitamin A (10,000 - 50,000 IlT/day) decrease 

prothrcmbin levels in chicks on vitamin K-free diet. Normal pro- 

thrombin levels eure nearly restored by small' dally doses of vitamin 

K. It does not appear that vitamin K requirements are increased 

by high levels of vitamin A. 
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Project No. 6x60-01-001 JSTEBJXAL MEDICIME 

Tlask No. OZ Metabolism and Nutrition 

Sub-task No. 2-18 Vlfmln K and Irradiated Poodg 

Study Nos. 1,8,3 Vitamin K-Vitamin A Interre- 
lationship in Prothrombin Levels 
and Carotene Utilization in the 
Chick and Rat 

Description and Summary: 

Continuation of the studies on the effect of ionizing radiations 

on vitamin K is being pursued with pure vitamin preparations and the 

chick assay method. The vitamins under study are K^, K3, K5, and 

KSH. 

Preliminary data show that vitamin Ki, sealed under vacuum and 

irradiated to 9k megarads, retains its activity. Similarly prepared 

and irradiated vitamin K5 also retains its activity when irradiated 

to 100 megarads. Vitamin K3, on the other hand, loses about 20^ 

of its activity when irradiated to 50 megarads, and 40^ at 100 

megarads. 

On a weight basis, vitamin K3 is about 2.5 times more active than 

vitamin Ki or vitamin K5 in the chick. 

Similarly prepared samples sealed under nitrogen or oxygen will 

be assayed in the near future. 

To supplement the chick assay method, the spectrophotcmetric and 

thin layer Chromatographie methods are being investigated for evaluating 

changes produced by irradiated. Sufficient data have not been 

accumulated for corament at this time. 
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Sub-task Ho. 2-18, Study SOB. 1,2,3 

Preliminary data frcm studies of vitamins A and K In the chick 

Indicate that -trhlle high levels of vitamin A do decrease prothronibln 

levels In the absence of vitamin K,  there does not seem to he an 

Increased vitamin K requirement. 10,000 lü vitamin A per day Is as 

effective as 20,000 or 50,000 1(7 per day. Liver vitamin A storage 

Indicates that 20,000 ID per day In a single oral dose Is the 

aaxtmum amount absorbed. 

Stabilized vitamin A added to the diet Is well absorbed even at 

5 million units per kilogram of diet. Hypervitamlnosls A Is evident 

by gross and microscopic examination within two veeks. To rule out 

the possibility that the antioxLdants BHA and BET present at such 

high levels of vitamin A were contributing to the toodelty, they were 

tested Individually. There was decreased growth within one weak at 

0.5^ EE4 or BHT and at O.l^t BUT. However, there were no outward 

symptoms or decreased prothrombln levels as with high vitamin A 

dosages. Additional Interest In these tests muy be In the possible 

toxLdty of BHT. The test dose Is 0.1^ or 10 times the maximum 

allowable concentration. 

Studies with rats have been Initiated to determine whether or 

not the vitamin K-vitamln A relationship Is still observed when 

carotene serves as the source of vitamin A. HO reportable data have 

been collected at this reporting date. 

List of Publications: 

Hone. 
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Analytical and animal studies hare been «qployad to 

appraise the nutritive value of algae, de results of 

the analytical studies demonstrate a high nutritive 

potential for algae. The amlno nitrogen of algae has 

"been found to represent only 803t of the total nitrogen. 

Gas Chromatographie analyses of algae llpid have shown 

several unidentified peeks. 

Digestibility studies in rats have indicated that 

dietary enzyme supplements nay be of value in Improving 

the poor digestibility of algae. 
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BODY OF REPORT 

Project Nb. 63C60-01>001 IHTEEgiAL MEPJCIHE 

Task No. 02 MetaluxLlam and Mutrltloa 

Sab-task Ho. 2-19 Hutrltiooal Petentialltles of Algete 

Study Nos. 1-6 Studies of the Protein Quality 
and Digestibility of Algae 

Description: 

The development of algae for use as a food would enable the 

rapid growth of large quantities of a nutritious material. In view 

of the possible use of algae In emergency feeding, space feeding and 

its possible supplementary value, studies have been designed to 

develop & palatable and nutritionally adequate product from algae, 

IVqgress: 

Progress since the last report on this project has included 

digestibility studies of algae protein and the influence of various 

amylolytic enzymes on protein digestibility. Considerable effort 

has also been expended on analytical studies of various algae. 

Various species of algae have been analyzed for protein, fat, ash, 

amino acids and various vitamins. 

Digestibility studies in young rats demonstrated the protein of 

algae to be rather poorly digested (apparent digestibility - 59^). 

The addition of certain amylolytic enzymes appeared to Improve 

digestibility. The enzymes vhlch appeared most effective were 

diastase and alpha amylase (apparent digestibility 73*8 and 70.6^, 

respectively). Further studies along these lines are anticipated. 
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Sub-task No. 2-19, Study Nos. 1-6 

The data obtained Indicate that algae has a very high 

nutritional potentlalj It Is quite high In crude protein (30-605fc), 

contains substantial amounts of the various vitamins and a con- . 

slderable quantity of ash. However, data obtained frcm differential 

nitrogen analyses demonstrate that the protein content of algae la 

not as high as the total nitrogen analyses Indicate. Twenty percent 

of the total nitrogen of algae has been shown to be non-amlno acid 

nitrogen (amide, ammonia and humln nitrogen). The fat content of 

algae which contributes to Its high caloric content Is also not all 

available^ considerable proportions of the algae llpld have been 

shown to "be chrcmogenlc material which would be of little value 

nutritionally. Gas Chromatographie analyses of algae llplds have 

revealed a number of unidentified peaks which could "be unsaturated 

fatty acids containing odd numbers of carbon atoms or possibly 

branched chain fatty acids. Studies are presently under way to 

identify these peaks. 

Arrfno acid analyses of the algae have indicated adequate contents 

of most of the amino acids. However, all of the algae studied to 

date have bean £pund to be low in sulfur-containing amino acids. 

This observation supports the results of the animal stuiles previously 

reported which demonstrated significant growth stimulations aa a 

result of methlonine supplementation of algae diets for rats and chicks. 

Algae have been grown in this laboratory with C1^ in the culture 

media resulting in cells containing unlfoxmly labeled algae. It is 
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Sub-task No. 2-19* Study Nos. 1-6 

planned that this material will be employed for farther and more 

intense studies of algae utilization "by experimental animals. 

At present, studies are being directed at extending the data 

thus far obtained and overcoming some of the problems observed. The 

factors being considered are listed below: 

1. Continued analytical studies of different species of algae 

and of algae grown under varying conditions. 

2. Identification of the components of algae lipids by gas 

chromatography. 

3. Improvement of the nutritional value and palatabllity of 

algae by 

a. Processing 

b. Supplementation 

c. Enproving digestibility 

(1) Use of new species of algae 

(2) By pre-treatment utilizing mechanical (ultra sonic 

waves)> chemical (alkali or acid), and biological (enzymatic) 

methods 

d. Use of isotopically labeled algae for studies of 

digestion, absorption and metabolism of the nutrients of algae 

Summary and Conclusions: 

The analytical data thus far obtained have demonstrated a high 

nutritive potential for algae. She addition of enzymes to algae 

diets in order to Improve digestibility has shown some promise since 

certain enzymes did appear to improve digestibility. 

/// 
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Sub-task No. 2-19,  Study Nos. 1-6 

The data thus far obtained are inadequate to ftoxm conclusions; 

it does appear that algae, vith proper treatment, might be enployed 

as a food source. 

i 
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Studies of body composition and the use of C1^ Isotopes 

have resulted In a method for stating the actual utilization 

of ascorbic acid by healthy men. After Ingesting a single 

20 fie  quantity of I^glucuronolactone-6-C1^, the urine of 

healthy men contains C1^ activity vhlch can be Isolated and 

found In the highly purified phenylhydrazlne derivative of ' 

ascorbic acid. Such activity Is not found following the 

Ingestion of l>-glucuronlc-6-C1',• acid, indicating that the 

above lactone, but not its acid, can function as a source 

of ascorbic acid. In subjects «bo Ingest 20pc  of L-ascorblc- 

1-C11*- acid, the dally urinary oxalate arising from metabolism 

of the labeled ascorbate is subsequently excreted as a 

constant proportion of the total C1* activity remaining in 
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Sub-task ITo. 2-20, Study No. 2 

the "body.    Thus, It can he Inferred that the portion of 

the dally oxalate ■which arises from metatoeUsoi of ascorbate 

Is formed and excreted at a constant rate. Further In 6 

men of diverse body weight and degree of flatness. It «as 

found that the ascorbate utilization, as expressed In 

terms of C1^ oxalate excretion, occurred at a rate of 

0.207 mg/day/kg of fat-free body velght. Barely, If ever, 

do adult males exceed 90 kg In lean body mass. Therefore, 

10 mg/day Intake would match the greatest quantity of 

ascorbate metabolized by the largest healthy man. 

/*' 



I 

i 

I 

! 

r 

i 

BODY OP REPORT 

Project No. 6x60-01-001 IHTERHAL MEDICIME 

Tiask No. 02 MetaboHam and Nutrition 

Sub-task No. 2-20 Studies on the Metabollsn of Penteses 

Study No. 2 Metabolism of D-glucuronolactone-6-C1^ 
and D-glucuronic-6-C1^ Acid in Man 

Description: 

Since this is a final report and the material has "been published, 

only a discussion and sunmary of the vork will be presented here. 

Discussion: 

Studies of body conposition and the use of Cr-^ isotopes have 

here resulted in a method for stating the actual utilization of 

ascorbic acid by healthy men. After ingesting a single 20 jic quantity 

of D-glucuronolactone-6-C^ , the urine of healthy men contains C1^ 

activity vhich can be isolated and found in the highly purified 

phenylhydrazine derivative of ascorbic acid. Such activity is not 

found following the Ingestion of D-glucuronlc-6-C1^ acid, -Indicating 

that the above lactone, but not its acid, can function as a source of 

ascorbic acid. 

In subjects who ingest 20 ^tc of L-ascorblc-l-C1^ acid, the dally 

urinary oxalate arising from metabolism of the labeled ascorbate is 

subsequently excreted as a constant proportion of the total C1^ 

activity remaining in the body. Thus, it can be inferred that the 

portion of the daily oxalate vhich arises from metabolism of ascorbate 

is formed and excreted at a constant rate. Note, since Cravhall et al. 
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Sub-task No. 2-20, Study Ho. 2 

shoved that about hCfjL of the dally oxalate came from ■breakdown of 

glyclne and here It Is shown that another 505t comes from ascorbate. 

It Is possible to speculate that nearly all of the urinary oxalate 

comes from the metabolism of glycine and ascorbate. 

The Ingestion of a single, comparatively large 0.5 gm of 

quantity of "cold" ascorbic acid or its precursors by a subject 

whose body ascorbic acid pool has been previously labeled, as 

described above, results in Increased excretion of C1^ ascorbate 

of lowered specific activity. Riese effects axe transitory in that 

within 2 days the total ascorbate excretion returns to previous 

levels and the ascorbate specific activity is lower than it was 

prior to dilution of the body ascorbate pool. 

Simultaneously, the total activity and the specific activity 

of the oxalate decreases, but the proportionality of the total 

oxalate activity to the specific activity of the ascorbate remains 

the same. From these effects, it can be inferred that the utili- 

zation breakdown of ascorbic acid in the body occurs at a constant 

rate irrespective of an Increased rate of supply of ascorbate to 

the body. 

Farther, in 6 men of diverse body weight and degree of fatness, 

it was found that the ascorbate utilization, as expressed in terms 

of C1^ oxalate excretion, occurred at a rate of 0.207 mg per day 

per kilogram of fat-free body weight. Barely, if ever, do adult 

males exceed 90 kg In lean body mass. Therefore, 18 mg per day 
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Sub-task Nb. 2-20, Study No. 2 

Intake would match the greatest quantity of ascorbate metabolized 

by the largest healthy 

SuBBnary: 

Results of studies with healthy men revealed that dose to one- 

fourth of B-glueuronolactone-6-C3-^ vas converted to L-ascortlc afcld, 

whereas, on the other hand, no activity could be detected In the 

ascorbate derivative Isolated from the urine of subjects receiving 

I^-glucuronlc-6-C1^ acid. 

One-half of the urinary oxalate arises from the breakdown of 

ascorbic acid and Is excreted at a constant rate. 

The size of the ascorbic add pool and Its rate of utilization 

vas directly related to the size of the fat-free body weight. 

List of PubllcatloBs: 

1. Baker, E. M., E. L. Blexnan and 1. C. Plough. Factors 

Influencing urinary excretion of ketopentoses In normal men. 

Nbtahollsm £: VfS, i960. 

2. Baker, E. N., I. C. Plough and E. L. Blerman. Effect of 

D-glucuroolc add and D-glucuronolactone on accorblc add levels In 

blood and urine of man and dog. An. J. Clln. Nutr. 8: 369, i960. 

3. Baker, E. M., H. E. Säuberlich and S. J. Wolfskin. Metabolism 

of IVßlucuronolactone-6-C1^ and I>-glucuronle-6-C^ add In man. 

Fed. Proc. 20: 85, 1961. 

k.    Baker, E. M., H. E. Säuberlich, S. J. Wolfskin, W. T. 

Wallace and E. E. Dean. Tracer studies of vitamin C utilization In men; 

metabolism of D-glucuronolactone-6-C1^, tt-glucuronle-ö-C1^ add and L- 

ascotfblc-l-C1^ acid. Proc. Soc. Exp. Blol. Med. lOg: 737, 1962. 
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Uhclasslfled 

Increasiiig hydrolysis time, solvent vashes and filter density 

resulted in fecal cellulose values with a ± 2$ deviation of 

replicates. The free anmonia in protein hydrolysates for intra- 

venous feeding may he removed without disturbing Ionic balance by 

use of a cupric chelating resin. Diffusion of air into the oil- 

nitrogen system for nlnhydrin In an automatic amlno acid analyzer 

with its resultant change in nlnhydrin reactivity may be corrected 

by an additional two bottle oil-nitrogen complex. Several infants 

with disorders of the central nervous system exhibited deficiencies 

of glutamlc acid, prollne, tyroslne and phenylalanlne in their 

plasma amlno add levels and deficiencies In glycine, cystlne and 

arglnlne In their urine levels. 
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BODY OP REPORT 

Project No. 6x60-01-001 IHTBRHAL MBDICIHE 

Task Ho. 02 MetalnallEm and Nutrition 

Sub-task No. 2-21 Analytical Chemistry Ifethodology and Its 
Ajppllcatlon to Medical and Nutritional Research 

Description: 

To support divisional, research, methodology Is developed by 

revision of existing procedures, by a combination of procedures or 

by direct Innovation. As a secondary function, support Is provided 

for the collaborative projects of outside units In the form of 

specific analytical methods. 

Progress: 

The procedure of Crampton and Maynard for the detexmlnatlon of 

cellulose was modified to quantltate the amount of alpha cellulose 

In fecal samples. Increased hydrolysis time, repeated washings with 

organic solvents and a dense Gooch asbestos filter pad gave replicates 

with a deviation of ± 2$. 

Monoethanolamine Is an excellent absorptive for carbon dioxide 

In a micro combustion train and reacts with nlnhydrln on heating 

according to Beer's law.» Levels up to 10 mg of carbon may he assayed 

spectrophotometrlcally at 570 millimicrons. 

In the quest for a balanced intravenous flat emulsion a protein 

hydrolysate (8 gm/lOO ml) and a 5$ dextrose solution were incorporated 

Into cottonseed oil preparations. The subsequent toxlclty of this 

formula was possibly based on the presence of abnormal levels of 

free ammonia In the protein hydrolysis. Analysis revealed 18.4 to 
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Sub-task Hfo. 2-21 

22.3 me of free ammonia per 100 ml of hydrolysate. This amaonia 

may be removed vithout upsetting the ionic "balance Toy use of a 

chelatlng resin in the cupric form which has a strong affinity for 

the copper-ammonia complex. 

The effect of time on the nihhydrln reagent employed in the 

Splnco Amino Acid Analyzer showed a progressive decrease in molar 

concentrations of the Individual amino acids, falling to a 12$ lower 

value in three weeks. Diffusion of air Into the protective oil 

baths and resultant changes in ninhydrin reagent can be decreased 

by Installation of an additional two bottle oil-nitrogen system. 

A i960 ICNBD survey of the food Intake of the military personnel 

of TTiailimd revealed one of the most Important itens In the daily 

diet to be a fish sauce, used freely as a condiment on rice and 

other daily dietary staples. Direct analysis showed only minor 

quantities of the essential amino acids. Unidentifiable ninhydrin 

reactants account for 0.35l£ of the alpha amino nitrogen. Of the 

total nitrogen (2.075$); 0.218$ is non-protein nitrogen. 

A series of collaborative studies with the Pediatric Clinic of 

Fitzslmons General Hospital was conducted to determine the extent 

that normal patterns of blood and urine amino acids are altered in 

infants with disorders of the central nervous system (i.e., phao^l- 

ketonurla). Deficiencies of glutamic add, prollne, tyroslne and 

phenylalanine were observed in the plasma amino acid patterns and 

reduced levels of glyclne, cystlne and arglnine in the urine. 
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Sub-task Ho. 2-21 

In cooperation with the University of Colorado Medical Center, these 

values were conrpared vith those of normal infants. The limits of a 

deficiency level vere difficult to define, since the range of values 

in normal patterns vas so broad. 

Summary and Coiiclusions: 

As listed under "Progress." 

List of Publications: 

1. Adams, Robert A., Wa. J. Stanmeyer and Riehard S. Harding« 

Antarctic stress and vitamin requirements. J. Dental Ned. IJ: 36, 

1962.       *"' 

2. Powell, R. C, V. T. Kunes, R. S. Harfllng and J. B. Vacca. 

The influence of non-ahsorbahle antibiotics on serum lipids and the 

excretion of neutral sterols and bile acids. Amer. J. Clln. Hutr. 

(in press). 

3. Harding, R. 8. and J. A. Dickerman, A paper electrophoretic 

study of the effect of sarcoidosis on serum globulin levels. Sub- 

mission pending case history reports. 
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Dhclassified 

The caseln-amlno acid diet developed for the detenoinatlon 

of amtno acid requirements of mice has been found to be un- 

satisfactory for the determination of precise requirements. 

Presumably, this is due to variation in the amlno acid composi- 

tion of the casein anployed. 

Various dietary carbohydrates were found to have no 

Influence on weight gain or plasma cholesterol levels of mice 

fed two levels of protein. 
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Tlask No. 02 Mbtabcliam and Nutrition 

Sub-task JP3&-2h Amlno Acid Interrelatlacishlps 

Study Nos. l~k   Relationship of Essential to Non- 
essential Amlno Acids In Nutrition; 
Influence of Protein Level on the 
Serum Protein Components of the 
Growing Chick; Amlno Acid Require- 
ments In the Ifouse - Influence of 
Protein Level; Influence of Type of 
Carbohydrate on Growth and Serum 
Cholesterol Levels In Mice Fed Low- 
or High-Protein Diets 

Description: 

A knowledge of the amlno acid requirements of the mouse would 

be of value in view of the use of this species in nutritional studies. 

For this reason, efforts are being directed to the development of a 

diet suitable for the determination of such requirements. 

Other studies have been directed towards detention lag the influ- 

ence of various dietary carbohydrates on certain biochemical criteria. 

Further studies on the influence of protein level and essential vs. 

noraegsentlal nitrcgen cm aminc acid requirements and the significance 

of prjitwin reserves are being cjnsldered. 

Progress: 

In the last report, the development of a casein-amino acid diet 

to be used for the determination of essential amlno acid requirements 

of the mouse was described. The  use of this diet In determining the 

sulfur amlno acid requirements ©f the mouse was also described. 
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Sub-task Hiaa-24, Study Nos. 1-4 

Several studies have been Initiated In an attempt to determine the 
® 

requirements of other amlno acids. However, presumably because of 

the variations In the amino acid compositlan of different lots of 

casein employed, accurate requirements could not be determined. In 

order to obviate such difficulties, studies will be Initiated to 

attempt to develop a free amlno acid diet which will support "wactm^iw 

growth of weanling mice. Such a diet would enable complete freedom 

in varying levels of single amino acids and should thereby enable the 

determination of precise requirement values. 

In a study of the influence of dietary carbohydrate on weight 

gain and plasma cholesterol levels of mice, sucrose, glucose, starch 

and dextrin were found to be without Influence. 

Since the last report, no further studies have been conducted 

on the Influence of essential vs. nonessentlal amlno acids on growth 

of rats or of level of protein on serum protein components of chicks. 

However, several new studies are presently being planned. The influ- 

ence of essential and nonessentlal amlno acids on the growth of rats 

will be studied with tree amlno acid diets. Such diets will enable 

a greater manipulation of the various amlno acids. 

The value of protein reserves will be further studied by 

attempting to relate antibody formation to dietary and serum protein 

levels. Because of the possible significance of protein reserves 

to resistance to infections, such studies are pertinent. 
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jfeib-task No. 2-24, Study Kos. l~h 

SvmaBry and Concl.usicins: 

The studlea report®! demonstrate that 1) dietary carbohydrates 

are without Influence on weight gain or plasma cholesterol levels 

of weanling mice; 2) a casein-amino acid diet is unsatisfactory for 

the detezmination of amino acid requirements ef weanling mice. 

List of Publication?: 

1. Levellle, G. A., H. Fisher and A. S. Feigenbaum. Dietary 

protein and its effects on serum proteins of the chick. Annals N.Y. 

Acad. Sei. 24: 265, 1961. 

2. Leveille, G. A. and H. E. Säuberlich. The influence of 

dietary protein level on serum protein components and cholesterol in 

the growing chick. J. Nutrition Jk:  500, 1961. 

3. Leveille, G. A., H. E. Säuberlich and J. W. Shockley. The 

influence of dietary protein level on the essential amino acid 

requirement of the weanling rat. U. S. Army Med. Rsch. & Nutr. Lab. 

Rpt. #262, 1 Sept. 1961. 

h.    Ibid. The sulfur amino acid requiranent for growth of mice 

fed two levels of nitrogen. J. Nutrition J£t  U55, 1961. 

5. Leveille, G. A., «J. W. Shockley and H. E. Säuberlich. The 

Influence of dietary factors on plasma cholesterol of growing mice. 

U. S. Army Med. Rsch. & Nutr. Lab. Rpt. #265, 11 Jan. I962. 
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Unclassified 

In young adult mice, dietary protein and sulfur amino 

acids have been found to depress plasma and liver cholesterol 

levels, -wlille these dietary supplements do net appear to 

influence the cholesteryl level of growing mice. 

Studies on the influence of dietary fat on cholesterol 

metabolism in chicks demonstrate that the more highly 

unsaturated fats increase the degree of absorption of 

dietary cholesterol and, consequently, increase the plasma 

and liver cholesterol levels. 

Chclic and lithocholic acids have been found to elevate 

plasma cholesterol levels of animals fed a cholesterol- 
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Sub-task No. 2-25, Study Nos. 1-12 

containing or free diet. The  influence of these acids on 

liver cholesterol levels is presently being studied. 

Preliminary data have been obtained on the fatty 

acid composition of plasma glycerides, cholesterol esters 

and phospholipids of chicks fed high or low-protein 

diets vith or without added cholesterol. The influence 

of several amino acids and antibiotics on the plasma 

cholesterol level of the chick have also been studied. 

In growing cholesterol-fed rats, dietary saponin 

and pectin appear to depress cholesterol "by increasing 

fecal bile acid excretion. 

Studies in human subjects have shown dietary protein 

to he without influence on plasma cholesterol levels. 

The hypocholesterolemic effect of oral neomycin appears 

to be a result of the impaired fat absorption which 

accompanies necnycin administration. 
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Sub-task No. 2-25 Llplds and Steroids In Nutrition 

Study Nos. .1-12 Influence of Various Dietary- 
Factors on Plasma Llpids of the 
Chick, Mouse, Bat and Human; the 
Developnent of Analytical Methods 
for Llpld Studies 

Descrlptloa: 

The Influence of nutritional factors on llpld levels and 

metabolism are "being studied. The apparent significance of llpld 

metabolism to human health makes such studies of vital importance. 

Continuous attention is given to the development and iqalementatlon 

of analytical procedures essential for such studies. 

Progress: 

Methodology 

The procedures described in the last report have "been implemented 

successfully and are presently being routinely anployed in this 

laboratory. Presently, efforts axe being directed to the application 

of gas chromatography for the deteaninatica. of steroids and  for 

isolation of steroids, fatty acids and possibly other compounds. 

The adaptation of new procedures for bile acid and vitamin A 

detaimlnations is presently "being considered. 

Protein, Sulfur Amino Acids and Plasma Cholesterol in Mice 

In contrast to the lack of effect of dietary protein on the 

plasma cholesterol level of weanling mice previously reported, a 
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Sub-task No. 2-25, Study Nos. 1-12 
hypocholesterolemlc effect has "been noted In young adult mice. 

Results obtained to date show a highly significant decrease in 

plasma and liver cholesterol levels of mice fed 36^ casein as compared 

to 9#. Mice were fed 9, 18, 27 or 36$ casein and the regression 

of plasma or liver, cholesterol or lipld phosphorus on dietary 

protein level was found to he statistically significant. This ob- 

servation has been made whether the animal B were fed cholesterol or 

not. The study has been repeated a number of times and the results 

reproduced in each Instance. 

In an initial study, the influence of the high protein levels 

has been found to be largely attributable to the greater content of 

sulfur amino acids. Mice were fed 9 or 36^ dietary protein from 

casein. A third group was fed 9$ casein with an amount of methionlne 

or cystine equivalent to that supplied by 36^ casein; these three 

diets were fed with and without added cholesterol. The addition of 

sulfur amino acids to the 9$ casein diet resulted in plasma and 

liver cholesterol levels eoraparable to those obssrved in animals 

fed 36$ casein. Similar studlss will be initiatad to determine the 

reproducibility cf the observed results. 

Dietary Fa5t:;ra and Plasma and Liver Lipids of Chicks 

As reported last year, sulfur amino acids have been found to 

have a cholesterol-depressing effect in chicks fed diets containing 

marginal levels of these acids. However, sulfur amino acids have 

not been found to exsrt any hypocholesterolemlc effect in animals 

already receiving levels adequate to support maximum growth. It 

has, therefore, been concluded from these data that, although the 
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Sub-task No. 2-25, Study Nos. 1-12 

sulfur amlno acid eontant of a protein may in part be responsible 

for the cholesterol-depressing effect of the protein, protein has 

a specific cholesterol-depressing effect unrelated to its sulfur 

amlno acid content. This cholesterol-depressing effect of protein 

has also been shown to be unrelated to growth. Other amlno acids 

vere studied, namely lysine, arglnlne and tryptophan, and none were 

found to influence plasma cholesterol when added to diets containing 

sufficient quantities of these amlno acids to support mw-irfTmiiii growth. 

Lysine supplementation of diets deficient in this amlno acid did 

depress plasma «holesterol; however, this was probably the result 

of Increasing the protein available for growth. 

In the last report on this project, it was reported that several 

antibiotics, including penicillin and necmyela, depressed plasma 

cholesterol levels of growing chicks; in a second study no such 

effect was noted. In ccnrparing the results of the two studies, 

another difference becraaas apparent. In the first study the anti- 

biotics stimulate?:!. grTsth whil^ in the seeood study no growth stimu- 

lation was noted. Although further studies will be required to 

clarify these apparast discrepanties, it seams that a plausible 

esqplanation based on the differ^sce in grotrth might be that a sub- 

clinical infection which respon&ad to the antibiotics used was 

present in the first study, but not in the second. Further study 

is anticipated in this area during the next year. 

Studies with growing chicks demonstrate that the more unsaturated 

fats fed (olive and com oil) increase cholesterol absorption as 
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Sub-task No. 2-25, Study Nos. 1-12 

compared to animals fed a law-fat  diet (0.5>£) or a saturated fat 

(cO'^oaut oll). Ja. oholesterol-fed chicks, the level of plasma 

cholesterol was lower In animals receiving the low-fat diet them 

In those fed any of the fat-supplemented diets. Of the fat- 

supplemented groups, the chicks receiving coconut oU had a higher 

level of plasma cholesterol than did chicks fed olive or corn oil. 

The level of cholesterol in the liver of chicks fed olive oil was 

higher than for any other treatment; the chicks fed com oil had 

lower liver cholesterol levels, followed "by the coconut oil and low- 

fat groups. The values for aortic cholesterol followed a similar 

trend. In chicks not fed cholesterol, plasma cholesterol levels 

were highest in the com or olive oil-supplemented groups; liver 

cholesterol values were similar in all groups. The cholesterol: 

phospholipid (C:P) ratios were found to he similar in ol- ^^ &~ 

lipoproteins of chicks fed a cholesterol-free diet. In comparing 

C:P values for chicks fed diets with and without cholesterol, the 

radio increased "by one-third (0.58 to O.77) in the o-lipoprotein 

fraction and by approximately six-fold in the ^-fraction (O.W- to 

2.69); this indicates that the cholesterol Increases particularly 

in the yö-llpoproteln fraction at a much faster rate than does the 

phospholipid lävel. The data obtained also demonstrate that the 

hypercholesterolemla resulting from cholesterol feeding takes place 

exclusively In the ^-lipoproteln fraction with little or no change 

in the ^-cholesterol level. 
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Sub-task No. 2-2?, Study Nos. 1-12 

Because of conflicting reports on the Influence of the bile 

acids, cholic and Uthochollc acids, on cholesterol metabolism in 

the chick, studies vere initiated to elucidate their effect. In the 

preliminary study, Uthochollc acid elevated plasma cholesterol levels 

in chicks fed cholesterol-free and supplemented diets, vhile cholic 

acid elevated plasma cholesterol levels of cholesterol-fed chicks • 

only. In a second study, chicks were fed a stock diet for approxi- 

mately four weeks as compared to one veek in the first study; the 

experimental diets were then fed for four weeks in both experiments. 

The data of the second study vere essentially identical to those of 

the first except that cholic acid elevated plasma cholesterol in 

chicks fed a diet free of cholesterol. Since this observation is in 

contrast to that of the first study, it can be interpreted as indi- 

cating an influence of age. In order to overcome any age factor, a 

third study is in progress in which chicks were fed a stock diet for 

one week and will be fed the experimental diets for 8 weeks; weekly 

plasma cholesterol values will be obtained. The liver lip id data 

have not as yet been completed, but the data available Indicate that 

dieiary lithocholic acid cause approximately atwö-fold Increase in 

liver weight and an elevation in liver cholesterol in chicks fed a 

cholesterol-free diet, and in contrast appears to depress liver 

cholesterol in the cholesterol-fed chick. Lithocholic acid also 

appears to depress liver fat. 

Preliminary data have been obtained on the fatty sold composition 

of glyceride, cholesterol ester and phospholipid fractions of C^-  and 
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Sub-task No. 2-25, Study Nos. 1-12 

p -lipoproteln llpids In plasma obtained from chicks made hyper- 

cholestsrolemlc by 1) Increasing endogenous (feeding a low-protein 

diet) or 2) exogenous cholesterol (cholesterol feeding). The data 

thus far obtained Indicate that the hypercholesterolemlc response Is 

acccnpanled by a decrease In llnolelc and arachldonlc acids and an 

Increase In the level of olelc acid or an Increase In the olelc: 

llnolelc + arachldonlc ratio. More data are being obtained In order 

to establish such changes more definitely and to delineate the 

mechanisms Involved. 

Pectin > Sapooln and Plasma Cholesterol of Rats 

Rats fed cholesterol had elevated plftama and liver cholesterol 

levels In comparison to animal B fed a cholesterol-free diet (plasma, 

ICO. vs. 128 mg/lOO ml; liver, 4.30 vs. 10.32 mg/gm). The plasma 

and liver cholesterol levels of the cholesterol-fed rats were de- 

pressed by the dietary supplementation of 5^ pectlon or 0.5^ saponin 

' (plasma, 128, 116 and 119 mg/lOO ml for control, pectin and saponin 

groups,respectively; liver, 10.32, l-h*} and l.hl mg/gm for control, 

pectin and saponin groups, respectively). The hypocholesterolemlc 

effect appeared to be the result of an increased fecal bile acid 

excretion (17.93* 23.59 and 25.96 mg of dl- and trlhydroaycholanlc 

acids excreted/day for control, pectin and saponin groups, respec- 

tively) and not due to an increase in fecal neutral sterol excretion 

(llf2, 1^1 and 132 mg sterol excreted/day for control, pectin and 

saponin groups, respectively). The possibility exists that pectin 

and saponin may have depressed fat absorption; however, the neutral 
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Sub-task !fc>. &-25, Study Nos. 1-12 

sterol data do not support such a conclusion. Other studies are 

"being initiated to further elucidate the mechanism of action of 

pectin and saponin. 

Dietary Protein and Necnycin in Human Subjects 

Dietary protein level «as found to be without effect on the 

plasma lipids of young normal adult males. High and low-protein 

diets (130 and 30 gm/day, respectively) were fed and no significant 

changes In plasma cholesterol, lipid phosphorus and glycerides were 

noted. 

A study has been completed to determine the mechanism(s) involved 

in the hypocholesterolemic effect of neomycln. Since a small amount 

of the administered oral dose is absorbed, it was necessary to 

determine whether the effect might not he a systemic one. The 

administration of 200 mg of necnycin per day intramuscularly did not 

alter plasma lipids. The administration of this same dose orally did 

not alter plasma lipids but did result in stools which were negative 

for the microorganisms assayed for, indicating that the cholesterol 

depression was not mediated through the antibiotic's alteration of 

the intestinal microflora. The administration of 2 gm of neomycin 

per day depressed plasma cholesterol and significantly reduced fat 

digestibility. These data are Interpreted to show that the hypo- 

cholesterolemia resulting from neomycin administration is mediated 

through its impairment of lipid absorption. 
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Sub-task No. 2-25, Study Nos. 1-12 

Sunmary and Conclusions: 

The  results of the studies reported are summarized as follows: 

1. Dietary protein and sulfur ami no acids have been observed to 

depress the plasma and liver cholesterol levels of young adult mice. 

2. In growing chicks, dietary protein vas found to have a 

greater plasma cholesterol-depressing effect than could be attributed 

to Its sulfur amlno acid content. 

3. Arginine, tryptopban and lyslne did not depress plasma 

cholesterol levels of growing chicks. 

h.    The Influence of antibiotics on plasma cholesterol levels of 

chicks appears to be related to their ability to stimulate growth, 

probably by suppressing sub-clinical Infections. 

5. A hypercholesteremlc response In the chick appears to be 

acccnpanled by decreased levels of llnoleate and arachldonate with 

an accompanying Increase In oleate. These changes appear to be most 

apparent In the cholesterol ester fraction and least so In the phos- 

phollpld fraction with Intermediate values for the glycerlde fraction. 

6. Saponln and pectin added to the diet of the cholesterol-fed 

rat depresses plasma and liver cholesterol levels by Increasing bile 

acid excretion. 

7. Dietary llthochollc acid has been observed to have a hyper- 

cholesteremlc effect In the growing chick. Chollc acid also has a 

hypercholesteremlc effect vhlch appears to be Influenced by age. 

Llthochollc add appears to cause an increase in liver size. 
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Sub-task No. 2-25, Study Nos. 1-12 

8. Dietary protein has been found to be without effect on 

the plasma llpld levels of human subjects. 

9. Dietary neomycln appears to depress plasma liplds In human 

subjects by impairing llpld absorption. 
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Previous studies reported In the literature have shown disturbances 

In enzyme function In thlamlne deficiency. These biochemical changes 

do not lend themselves readily to rapid and reliable methods for the 

assessment of thlamlne Intake as well as nutritional status. Recent 

work has shown that red blood cell transketolase may provide a reliable 

Index of thlamlne status. Further, new methodology has made It 

possible to measure the metabolites of thlamlne in urine. A study 

using human volunteer test subjects was undertaken to measure red 

blood cell transketolase and urinary metabolites during control, de- 

pletion and low-level repletion periods. 

TblB  Study was initially reported in the 1960-61 progress report. 

The data have been further evaluated to yield several conclusions. 

Urinary output of metabolites was decreased during the depletion. 
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Sub»task No. 2-26, Study Ho. 1 

but not to the same extent as Intact thlamlne vhlch dropped to 

Insignificant amounts during the first week. Transketolase values 

coincide vlth depletion and repletion periods, decreasing during 

the fomer and Increasing during the latter treatments. GreatInlne 

hlood cholesterol, free fatty acids and phosphollplds shoved no 

change as a result of the thlamlne deficiency. 
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Study No. 1 An Investigation of the Biochemical 
Changes Induced in Humans "by a 
Deficiency of Thiamine 

Descrlptioa: 

Jflttai the develonaent of a method for measuring the excretion 

Of thlawine metaholites as veil as intact thiamine in the urine, a 

nmr parameter for the estimation of nutritional status «as available, 

Xhe test vith normal human subjects vas designed to assess the 

validity of this parameter and to further investigate the metabolism 

pf thiamine, 

Pyofprasstt 

Data of the previous study have been further evaluated and a 

manuscript is heing prepared for publication. Additional investi- 

fattOAS on thiamine metabolism and requirements of the human will he 

dependent upon the program of the Metabolic Division and the avail» 

a-btllty of volunteer test subjects. 

Smpftzy and Conclusions: 

Tbf further evaluation of the data of this study has resulted 

in the following conduslcns; The excretion of intact thiamine is 

fWt a yfUMble Index of thiamine deficiency or sufficiency since 
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Sub-task No. 2-26, Study No. 1 

this reflects only the recent levels of Intake. As soon as the 

Intake of thlamlne decreased, there vas an abrupt reduction In the 

excretion of Intact thlamlne. Metabolite excretion continued at 

rather high levels even vhen signs of deficiency appeared. Lack of 

thlamlne appeared to have no effect on creatlnlne excretion or 

blood cholesterol. 

List of Publications: 

None* 
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In a 6-inonth study on a TB patient from this hospital 

vho was receiving UIH and PAS, It vas noted that even 

though his 3-hydro3^kynurenlne excretion values vere ele- 

vated following tryptophan load his aoanthurenlc acid 

excretion values did not significantly change during the 

period that he was off his B6 supplement and on INH and 

PAS treatment. Further, using L-ascorbic-l-C11'' acid to 

study this patient's ascorbate metabolism, it was found 

that there was no change In the patient's ascorbic add 

pool size or utilization whether on or off HUH. Further, 

there was no change in his oxalate excretion whether on or 

off HUH, 
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I Sub-task No. 2-27 The Bloshemlcal Basis for the Chemotherapeutlc 
Action a-P  Tairmlftzia Actloa of Isomlazld 

Study No. 2 Influence of HIE on Bg Requirement 
and on Urinary Qxalate Excretion In 
Tubercular Patients 

Description: 

The objectives of this experiment are as follows: 

1. Study the tryptophan metabolism in patients vho are receiving 

INH therapy. 

2. Study the effect of INH on ascorbic acid metabolism In TB 

patients to determine vhether or not there is an increased utilization 

of ascorbate. 

3. Study the effect of INH on urinary oooalate excretion in 

TB patients. 

Progress: 

In a 6-month study on a TB patient from this hospital vho vas 

receiving HUH and PAS, it was noted that his S-hydroaykynurenlne 

excretion was markedly elevated even before his 100 mg/day Bg sup- 

plement was taken away. When his Bg was taken away, no significant 

changes occurred in his mnthurenlc add excretion following tryp- 

tophan load, while on the other hand the 3-hydraxykynurenine 

excretion became markedly elevated. Blood amlno acid levels were 

Increased during this same period while the urine amlno acid pattern 
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deaumstratsd a slgalfl^aat l&jraase In the glycine and alanine 

exijreticjn oaly. The 3-hytoa^ykyaurenine exsretloca followliig 

tryptophan load still did not return to noimal after a 3-veek 

period vhea the patient -was off his HUH and PAS therapy hut allowed 

100 mg Bg/day. The 3-hydroa^kynurenlne eaearetlon values following 

tryptophan load during this 3-week period fell exponentially even 

though the control values were normal, (i.e., 5-20 mg/day) indicating 

the possibility of a true enzymatic "block existing. When the 

patient was put hack on INH and PAS therapy, even with his 100 ag/day 

Bg supplement, the 3-hydrjxykynurenine level of excretion immediately 

rose following tryptophan load. 

Using L-ascorhlc-l-C1^ a^id to study this patient's ascorbate 

metabolism, it was found that there was no change in the patient's 

ascorhic acid pool size or utilization whether on or off UJH therapy. 

Further, there was no change in his oxalata excretion whether on or 

off IHH therapy. 

I! 

) 

i 

Summary ani Cosrjluslons: 

S-hydrooykynurenlna excretion was markedly increased in the 

patient studied hera even "before B6 was taken away. No significant 

xanthurenis acid exiratiOQ, following tryptophan load, occurred 

during the period the patient was off Bg supplement while, on the 

other hand, the 3-hydro3^kynurenine excretlan "became markedly 

elevated. 
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The S-hydrosykyn-jCÄiiae excretion still did not return to 

normal after a S-vsak period off INH. The S-hydroaf^kyaurenine 

excretion values, following tryptophan load, fell exponentially even 

though the control values were n&mBl  (i.e, 5-30 ng/day) indicating 

the possibility of an enzymatic hlock in tryptophan metabolism. 

When the patient was put baue on INH with Bg supplanent,the 

3-hydroxylcynurenlne excretion following tryptophan load immediately 

rose. 

There was no change in the patient's ascorbic acid pool size 

or utilization whether on or off INH. Further, there was no change 

in his oxalate excretion whether on or off INH therapy. 

List of Publications: 

None. 
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Previous vork In this laboratory has shown that patients 

receiving Isonlazld have elevated blood ammunla values. 

It was further shown that the elevated ammonia appeared only 

when the isoniasid vas administered and was not present 

when PAS, SM or Bg vere given without isonifezid. Thus, it 

was felt that the toacLc psychosis which may ajrpaar in 

pabi.3:its given high doses of isonlazld might be due to an 

elevation of "blood aaramia. These patients exhibit symptoois 

of c:>nfuslon, disorlentatian and hallucination. The study 

was designed to test whether patients exhibiting these 

symptoms do have high blood ammonia values. Further, it 

vill "be determined whether lowering "blood ammonia by 

glutamic acid or arginine vill help the patient to better 

tolerate higher doses of isonlazld. 
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Study No. U High Isoniazld-Blood Ammonia 

Descrlptloei: 

To determine vhether patients vlth toxic psychosis, receiving 

Isoniazld, have elevated "blood nmmnnla values, and vhetter the 

reduction of the "blood ammonia would result In curing the toxic 

psychosis and the Intolerance for the drug. 

Progress: 

The Pulmonary Disease Service at Fitzsimons General Hospital 

Is now screening patients for the study. As soon as they are 

available, the study will he under way. 

Summary and Conclusions: 

None at this stage of the Investigation. 

List of Publications: 

None. 
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Problems associated with radioactive fallout have been resolved 

Into two main categories: (l) Those relating to radiation injury as 

a result of external irradiation from radionuclldes released by the 

bomb blast, and (2) those relating to internal irradiation produced 

by the long-lived radioisotopes •wiilch have been shown to be "bone 

seekers." From the biological viewpoint, the radioactive strontium 

isotopes, Sr^0 and Sr8^, with half-lives of 28 years and 53 days, 

respectively, are the most important substances among the fission 

products. 

Previous work has attempted to remove the isotope after it 

has been deposited in bone. Because of the nature of skeletal 

dynamics, one might expect a greater chance of success immediately 

after the incorporation of strontium in bone, with diminishing 
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chance for success as time progresses. However, efforts to 

remove the Isotope from booe, once it has been deposited, have 

met vlth little success. Our vork vlll probe the conditions 

in the intestinal tract vhich would reduce the adsorption of 

strontium across the intestinal vail. 
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of Minerals from the Intestinal Tract) 

Description; 

Diets of varying coatposltlons will be offered weanling rats 

at specified Intervals during the day. At the end of these feeding 

periods, doses of Srö5 vlll be administered by stomach tube. Retention 

8s 
of the isotope vill be measured by counting Sr  in urine, feces 

and carcass. This will be correlated vith diet composition. 

Progress: 

.85 Clearance for the use of Sr ^ has recently been obtained. The 

studies will be undertaken shortly. 

Summary and Conclusions: 

None at this time. 

List of Publications: 

None at this time. 
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Recent reports of clinical studies of patients with Laennec's 

cirrhosis have mentioned zincurla and low levels of serum and liver 

zinc as features of this condition. The authors noted that admin- 

istration of zinc supplements as low as 15 mg per day was followed 

by improvement as determined by an  increase in serum zinc and a 

decrease in urinary zinc and in retention of BSP. 

Ilhls  study is designed t^ investigate zinc metabolism during 

the course of liver injury indaced by hepatotoxic agents. In the 

first experiment, the effect of injections of carbontetrachlorlde 

on liver, serum, and urinary zinc and on liver pyrldine nucleo- 

tides will be determined using the rat as the experimental animal. 

The value of increased zinc intake as an ameliorative treatment 

will also be investigated. Subsequent trials are planned in -which 

liver damage will be induced with other types of noxious agents and 

by nutritional deficiencies. 
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Zinc Metabolism) 

Description: 

The purpose of this study is to Investigate the possible role 

of zinc as an ameliorative factor in hepatic injury caused by 

various agents. 

Progress: 

Twenty-four adult rats vere divided into two groups and fed 

a semi-purified diet contalrdng either 100 or 1,000 ^igm zinc per 

100 gm of diet. Half of the animals in each group were given sub- 

cutaneously injections of earbcntechachloride in amounts of 0.1 cc 

per 100 grams body weight ev=ry week for five weeks. Total fecal 

and urine collections wsrs male during the second, fourth and sixth 

weeks at which time the  animals were eacrlficÄd. The liver tissue 

will be analyzed for total pyridlne nucleotldes, total zinc, % 

nitrogen and ^ fat. The urine will be analyzed for zinc and N1- 

aethylnicotinaml de. Total fecal and serum zinc will also be 

determined. In addition, the liver and kidney will be evaluated 

with histopathologlcal techniques. No results are yet available 

for discussion. 

Summary and Conclusions: None 

List of Publications: None 

i 



I 

! 

Am:.£L PROÖRBSS REP0R2 

Project No. 6x60-01-001 

I12BRHÄL MEDIOHSB 

2?aslr: No. 02 - Mstabcllsm and N-atrltion 

Sub-task No.   2-29    Pyrlioy.lng Metabollsm (Study No. k 
Glyclne Metab-li'em In Bg Deficient Adult Rats) 

U. S. Army Medical Resaarsh and Nutrition Laboratcry 
FltzsiDöns General Ecspital 

Denver 3^s Goloraio 

I 

Chemistry Division 

1 July 196l •• 30 June 1962 

E. M. Bakerj Maj., MS3 
E. E. Säuberlich, Ph.D. 

W. C. Wallace, Spk 
and. 

S. J. Wolfskin, Sp4 

! 

QÜALIFIED mOIPBSSORS MY OKfÄIN ijFJES OF TEES REPORT FROM ASTIA 

Reports Control Synäol - MEDDH-288 

ÜHCLASSIPIBD 

/^L 

1 



I 
1 

i 
1 

! 

f 

I 

I 

ABSTRACT 

Project No. 6X60-01-001    gggMAL MEDICIUE 

Task No. 02 Metabolism gtad Bntrltlon 

Sub-task No.  2-29 Fyr-il:-.xln5 Matabollsm 

(Study Ko. h      ly-ine Mätabclism in B6 Deficient 
Adiilt Rats) 

U.  S. Army Jfedical ResearcL and Nutrition Laboratory, Fitzsimons 
General Hospital, Denver 30, Cjlcralo 

1 July 1961 - 30 June 1962 

Autkors: E. M. Baker, E. E. Sauberlish, W. T. Wallace, and 
S. J. Wolfskin 

RCS MEDEe-286 

Unclassified 

In studies on Eg deficient rats it was noted that the 

urinary cxalate excretion was Increased. Portiher Bg deficient 

rats given isiniazid (IN5) in tteir di-t iÄaonstratei a marked 

increase in the excretion of urinary cxalats. The xanthurenic 

acid excretion in these animals .siiowsi an increase in the Bg 

deficient, but a decrease; in the Bg iaficient •♦•INH groups. 

Sim)jiltane--asly, the Bg deficient +INH group demonstrated a marked 

increase in 3"hydr":xykyaure:nins excretion. Using C1 labeled glycine 

it was found that the conversion of glycine to oxalate increased 

in the Bg deficient rate, but decreased in Bg deficient rats who vere 

fed TSH.  in their diets. When the ascorbic acid conversion to oxalate 

was studied in these same groups of animals using L-ascorblc-l-(/ 

acid it was found that the ascorbate to oxalate conversion decreased 

/fc3 

1 



I 

i 

0 

( 

i 

I 

Sub-task No. 2-29, Study I;.4 

In the B5 deficlant rats assd increased in ti..;-; 36 deficient animals 

glvsn XSZ.    It appears^, tfearafor«, that the efffeet of USE on glyciae 

and asiorbate mstabcllsm is separate and specific from dietary B6 

deficiency. 
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Stflj-taak He. S-29 Pyridoodi» Hfetaboll«« 

(Sfciady Hö. 4 Slyclae Metabolism in Bg Dsficleot 
Mult Rat.?) 

Itescription: 

3ie objectives of this experiBeizt were as follows: 

To staiy the oxalic a:;!!^ xanttureslc acid and 3~iiydroxy- 

kynunaoine excretion in normal and Bg deficient rats. 

To study the; effects of Isonlazld (IHH) on C1^ labeled glyclue 

sad oxalate formation and excretion in Bg deficient rats. 

To study the metaboliea af L-assorblc-l-C1* aild in Bg 

deficient rats in tenrs  :f  sxalats foxmatlon and excretion. 

Last; to study the blood and urinary and no acid patterns on 

ZGE treated animals. 

I 

i: 

Prigr^sH: 

In adult rate that wei» fed a Bg deficient diet^ the -ailnary 

oxalafce and xanthurerlc acid exsrstion increased as caa^ared with the 

control animals. Farther., rats fed the same Bg deficient diet5 but 

supp.l.eae.nted with isoniasid (jSa)  added to the diet in the amount of 

1 git/kgo^ demonstrated a 4-fold increase in urinary oxalata excretion 

as compared with the control animals. It is of interest to note that 

these same animals {B6 deficient +IM) showed a marked elevation in 

urinary S-hydroxykynarerine excretion -while,, at the same time, their 

urinary xanthurenic acid excretion was markedly decreased. 
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Sub-task N- 

ia 

Study E .  v 

.14 Lng gIy.-;:-:a^-;i"3^ ^ to study tl.s conversion of glycina 

to C'1-   laibele*! oxalata a-ai tta 'arloaxy esccpstion thereof. It vas demoa~ 

srtrated that tha eosiverelon of glysise to oxalate vas insraased in 

B5 dsflclent rats.    In soctraet to this,, B5 deficient rats that wsra 

given L-asoorblc-l^C      asid dem^ietrated a niark--il decrease of conversion 

and excretion cf the L-asoorMc acii as oxalate.    Pyrldoxlne deficient 

rats th.at -were s-jp-gl-m-iz?:.*! idth JSES en the other hand,, demonstrated 

a marked deoreaee In the coiKnerelon of the C^ labeled glycine to oxalate. 

Conversely;, tLes« saae animals demonstrated a marked increase in the 

conversion and excretion cf the ";      .labels! ascorhate to oxalate.    The 

ssjuä affects (i.e. decrease in sonversicn of O1^ labeled glyclne to 

excreted oxalate and an in^reas-: In the conversion of C     labeled ascorbate 

to excreted oxalate) ware n.tid it the Lg Supplemented   +2KE animals 

iniic-ating that the effect  -f 3C on glycine ard. ascorbate metabclism is 

separata and specific from lirtäry E5 deficiency. 

In the Bg deficient emlmals^ the blood amlno acid patterns indicated 

a slight ircrftase in glycine5 asparaglsae and glutaadne values.    In the Bg 

deficient   •+ZJC: as veil as the Bg s-.jppiemented  +JSS groups of animals, 

the values fcr the fcllcving amlno acids vere markedly elevated: Hire ordne ^ 

serins., glutaaric acid^ gIy:;in.i-9 alanine^ le-acinej tyrosin/s, pheijylaliae, 

asrparagiae4 glutaadne and taurine. 

She -arlna^r amlno acii patterns indicated a significant increased 

excretion only in glycite and alanins in the B6 deficient, B6 deficient 

+I3C and Bg s^ppleioesröed   +INH groups of animals. 
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Stib-task So.  2-29,   Stiady Ko.  h 

Sismnary and Conclusions: 

v'.'iie urlnaiy cacalafc« i.rL.;?:-*-;i&.3'.Tii £.n B5 deficierci rats and markedly 

increase i in B6 deficient rats given "CES in thalr diat.    335« xanth-a- 

resic ecld excretion in these aclaals Ethowed an increase in the B5 

daficiant, but a decrease in the Bg deficient   -t-HH grotq^s.    Simultane- 

ously, the B6 dejflcient   -i-r3r£ grj-jp deaonetrated a markend incraasa in 

S-tyiroxykynai'sninfc; excreti: n, 

Crlyoine convaraion t-r   ^xalats increased in Bg deficiency in rsts^ 

but decreased in B5 deficient rat? that vtra given HfS, -»fttile at the 

same time the ascorhate to   rxalat.-; conver=ic.n decreased in Bg deficiency 

and increased in Eg deficient animals given IDPü.    It appears^ therefore, 

that the effect of WE. on glyjiinv-. ani ascorbate metabolism is separate 

and specific from dietary Bg deficiency. 

!2he blcod ac'.n^ acid patterns indicated aarksdly increased valuss 

for 11 emin.: aeiis in the 2g ieficient   +IIE and 3g fe-^pplemented   +II1H 

gro^s of rats as ccrngpared t.   :nly slightly increased gly.^ine^ a,fpara- 

gine and glutamine valtt^s for the Bg deficient cinima2.ö.    She urine 

amlno acid patterns indicat^i a elgcifleant incz'eased excretion jnly 

in glycine and elanine in the Bg  feficisnt, Bg äaflcienÄ   +112 and B6 

suppl^Bsnted   +I5EE grcjipg of animals. 

List csf Publicatioaa: 

Baker. E. M., E. E.  Säuberlich, W.  T. Wallace and S. Wolfskill. 

She Effect of UK on glyjine and ascorbic acid mt-tabolism in normal and 

Bg deficient rats (in preparation). 
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i 

Methods and protocols have been devised to study 

both glycine-1-C1^ and glyclne-2-G1^ metabolism in humans 

to determine \ghether or not the glycine (,  is partially 

converted to and, excreted as oxalate at a constant rate 

per day as veil as the amount of activity per day excreted 

as urinary oxalata. Further, the expired C O2 will be 

measured in a vibrating reed electrometer to determine the 

amount of decarbcxylatlon of (A* labeled glycine in man. 

j 1 
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Ik Sub-task No. 2-30 Studies oa the Metabolism of Glyelne-1-Cx and 
Glycine-2-C^ In Man 

Description: 

The recent work of Cra'whall et al. using glyclne-l-C13 has 

demonstrated that this Isotops vas diluted about 2fa times during the 

conversion of glyclne from the "first metabolic pool" to oxalate, 

indicating that about hofi  of the urinary oxalate was derived from 

glyclne during this period. 

It has been demonstrated in this laboratory that 50f>  of the 

urinary oxalate vas derived from L-ascorbic-l-C1^ acid and was 

excreted at a constant rate per day. Therefore, it is of interest 

to study both glyclne-1-C!1^ and glyclne-2-C1^ metabolism in humans 

to determine (l) vkether or not the glyclne C  is partially con- 

verted to and excreted as oxalate at a constant rate per day as veil 

as (2) the amount per day excreted as urinary oxalate. 

Further, the expired C^02 will be measured in a vibrating reed 

electrometer to determine the  amount and extent of decarboxylation 

of the C1^ labeled glyeine in man. It should be noted that this has 

been done with humans using glycine-2-C1^ but not with glyclne-l-Cl11-. 

Progress: 

Four subjects have been labeled with glyclne-1-C1^ and at an 

interval of 90 days later with glyclne-2-C11*'. The expired C1^ 

/^ 
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Sub-task No. 2-30 

has been measured In all cases. Further urine samples were collected 

every third day following the labeling of each subject. Quantitative 

oxalate determinations have been made on each 24-hour urine sample. 

At present, the total urine C1 activity and the specific activity 

of each isolated oxalate sample is being counted. All data should 

be completed by the end of June 1962. 

Summary and Conclusions: 

None 

List of Publications: 

None 
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Previous studies were conducted In this laboratory 

to determine the minimal human dally requirement for 

Vitamin Bg- Though the general requirement for the 

Vitamin was ascertained, the precise requirement was 

not determined. Results suggested that the minimal 

dally requirement of Vitamin Bg was Influenced by the 

dietary level of protein. No further human studies 

have been carried out since October i960. A study, 

which Is to commence on 1 August 1962, has been devised 

to study In specific detail the minimal human dally 

requirement for Vitamin Bg, the relationship of this 

requirement to the level of dietary protein Intake, 

and the biochemical changes Induced by Vitamin Bg 

depletion. 
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Description: 

The most recent study (done Sept-Oct i960) vas designed to 

provide additional Information regarding the minimal dally re- 

quirement of Vitamin Bg In relation to the protein Intake. 

Progress: 

No further work has been done since the previous report. 

A nev project is about to commence to better ascertain the precise 

daily requirements of Vitamin B5 and the biochemical abnormalities 

induced by early Vitamin Bg deficiency. 

Summary and Conclusions: 

No additional work has been done during the past year, but 

a nev study is planned to commence on 1 August 1962. 

List of Publications:  None 
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No further work has been done on this project 

in the past year.  Long term feeding studies in 

humans await further evaluation of animal studies 

currently in progress 
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Sub-task No. 3-13 Long Term Feeding Study of Irradiated Food 

Description: 

Seven separate short term (15 days) human feeding studies 

on selected irradiated food items have been conducted previously 

in this laboratory in order to evaluate acceptability and possible 

toxicity. Results have been reported previously.  Long term 

feeding studies are planned. 

Progress: 

No further work has been done during the past year. Long 

term feeding studies in humans avait further evaluation of animal 

studies currently in progress. 

Summary and Conclusions: 

No additional work has been done during the past year. A 

long term study is planned, but unscheduled. 

List of Publications: 

No new publications during this year. 
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The acceptability, digestibility, and acute toxic 

effects of algae when fed as a food supplement to four 

volunteers vere studied in 1959»  No further studies 

have been conducted during the past year but future 

studies are contemplated when a sufficient quantity 

of an improved mlcroalgae becomes available. The paper 

describing the initial study was published in the J. 

of Nutrition, 75:1, Sept 1961. 
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Sub-task No. 3-15   Algae as a Food Source for Humans 
• 

Description: 

This study- vas designed to evaluate the use of mlcroalgae 

as a possible food source for humans with emphasis on accept- 

ability, digestibility, and possible toxic effects. 

Progress: 

The Initial study vas carried out on the Metabolic vard 

In 1959- Although no further studies were performed during the 

past year, we feel the results are encouraging and hope to 

complete additional studies vhen more mlcroalgae Is available. 

The paper describing the Initial study was published In the 

J. of Nutrition, 75:1, Sept. 196l. 

Summary and Conclusions: 

Further studies on the acceptability and digestibility of 

mlcroalgae are anticipated vhen more algae Is made available. 

List of Publications: 

1. McDowell, M. E., Powell, R. C, Revels, E. M., Sellers, 

J. H., and Witt, N. P.: Algae Feeding In Humans: Acceptability, 

Digestibility, and Toxiclty. Fed. Proc, 19:319, i960 (abstract). 

2. Powell, R. C, Nevele, E. M., and McDowell, M. E.: Algae 

Feeding In Humans. J. of Nutrition, 75:1, Sept 1961. 
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No further work on this Study No. 1 Is planned. 

The results of the study were summarized In last year's 

Annual Report and have now been published in the 

Am. J. Med., 31:828, Nov 1961. 
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Sub-task No. 3-l8 Lipld Metabolism Studies in Humans 
Study No.  1    Serum Lipld Studies In PBunilial 

Hypercholesterolemic Xanthomatosls 

Description: 

The  effects of dietary fat alterations and of a cholesterol 

synthesis inhibitor on serum lipids in a patient (Fitzsimons General 

Hospital) with familial hypercholesterolemic xanthomatosls vere 

studied. 

Progress: 

This study was conducted in cooperation with the Department of 

Medicine, Fitzsimons General Hospital, between September 1959 *nä. 

April i960.  The report has been published in the Am. J. Med., 

31:828, Nov 1961 and was summarized in last year's Annual Report. 

Summary and Conclusions: 

No further work is anticipated on Study No. 1. 

! 

List of Publications: 

Powell, R. C. and Vacca, J. B.: Serum lipld studies in 

familial hypercholesterolemic xanthomatosls. Am. J. Med., 

31:828, Nov 1961. 
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The following abstract is repeated from last year's Annual 

Progress Report: 

The influence of nonabsorbable antibiotics on serum lipids 

and the excretion of sterols and bile acids was studied. Eight 

volunteers were placed on a constant diet. After a suitable 

control period, neomycin or a combination of polymyxin and 

bacitracin was administered orally for 2k days, and this was 

followed by a 12-day recovery period. The results indicated 

that either antibiotic regimen was capable of lowering serum 

cholesterol and llpld phosphorus; and either regimen increased 

fecal bile acid and sterol excretion. Neomycin, however, pro- 

duced a more dramatic change. 

Editing of the final manuscript has now been completed and 

the report is in press in the American Journal of Clinical 

Nutrition. 
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Sub-task Kb. 3-18 Llpld Metabolism Studies In Humans 
Study No. 2,  Part I The Effects of Various 
Diets and Drugs on Serum Lipld Partition and 
Sterol and Llpld Balance In Humans 

Description: 

This study vas designed to evaluate the Influence of non- 

absorbable antibiotics on serum llplds and the fecal excretion 

of bile acids and sterols. 

Progress: 

Utola  study was carried out on the Metabolic ward In April, May, 

and June i960. The data have been assembled and a report has been 

accepted for publication in the American Journal of Clinical 

Nutrition (vide infra). 

Summary and Oonclusione: 

The results of this study -were summarized in last year's 

Annual Progress Report and will soon be published in the Anerlcan 

Journal of Clinical Nutrition. 

List of Publications: 

Powell, R. C, Nunes, W. T., Harding, R. S., Vacca, J. B. : 

The influence of nonabsorbable antibiotics on serum llplds and the 

excretion of neutral sterols and bile acids (in press). 
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A study designed to evaluate the mode of hypocholesterol- 

emlc action of neomycin was carried out In six young men by 

administering low doses of the antibiotic, both by intra- 

muscular injection and by mouth, while observing the serum 

llpld levels as well as the effect of each treatment on the 

bacterial flora of the Intestine. Parenteral neomycin in 

small doses had no effect on serum cholesterol.  It was 

shown that despite "sterlllzatioH" of the intestine with 

miniscule oral doses of neomycin, there was no lowering of 

serum cholesterol.  Conversely, when large oral doses were 

given, "sterilization" occurred in only four of the six 

subjects. In spite of this, serum cholesterol was reduced 

in all six subjects. The conclusion drawn is that the hypo- 

cholesterolemic effect of neomycin is probably not related 

to its antibacterial action nor its systemic effect. 
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on Cholesterol Balance in Humans) 

Description: 

This study vas designed to evaluate the mode of action of 

nonabsorbable antibiotics on serum liplds and the fecal ex- 

cretion of bile acids and sterols. 

Progress: 

la an attempt to more clearly define the mode of hypo- 

cholesterolemlc action of neomycin, a second project vas under- 

taken during April-July 196l.  Six young men vere treated with 

small doses of parenteral neomycin (200 mg/day intramuscularly) 

ae well as with oral neomycin during subsequent balance periods. 

After a SO-day adjustment period, the subjects received intra- 

muscular neomycin (50 mg every six hours) for a period of 12 

days.  Following another 20-day control period, oral neomycin 

(50 mg every six hours) was administered for 12 days. The oral 

dose was then Increased to 0.5 gm every six hours for an additional 

12 days. Measurements were carried out on blood, urine, feces, 

aad dietary composites as described in the previous study. 

A lowering of serum cholesterol was achieved only during 

the oral administration of 2.0 gm per day. Microbiological 

studies showed that, although there was no lowering of serum 
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cholesterol;, "sterilisation" of the intestine occurred In four 

of six subjects taking the lover oral dose of neomycin. While 

the larger oral dose was administered, "sterilisBation" occurred 

in the same four individuals despite the fact that serum 

cholesterol levels were reduced in all six. Examination of feces 

for macrosutrient content revealed evidence of decreased 

intestinal absorption during the period in which the higher 

level of oral aeomycin was given. 

Conclusion: 

Prom the foregoing data, it seems prudent to conclude 

that neomycin (as an example of a nonabsorhable antibiotic) 

exerts a hypocholeaterolemic effect through the alteration of 

intestinal absorption. Specifically, it appears that neomycin 

interrupts the enterohepatic circulation of bile acids with 

increased fecal loss of bile acids, increased synthesis of 

these acids, and Increased catabolism of cholesterol. The hypo- 

cholesterolemlc effect of neomycin is probably not due to its 

antibacterial action or to its "systemic" effect. 

List of Publications: 

Report has been prepared and submitted for publication. 
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Utaclasslfied 

A etudy vas conducted on human subjects to determine 

the Ideal technique for obtaining subcutaneous depot fat 

specimens for gas Chromatographie analysis. Flat specimens 

obtained by surgical biopsy ani the specimens obtained 

by needle aspiration disclosed gas Chromatographie fatty 

acid patterns in keeping with those reported in the litera- 

ture. The patterns of biopsy specimens obtained by a 2-mm 

dermatologlc punch dlscloeed a higher percentage of satu- 

rated fatty acids and shorter chain fatty acids than ob- 

tained by the aspiration techclsjue ^'51.5^ C-lk  and C-l6 

fatty acids with 57-*l^ total saturated fatty acids by 

punch as compared to 39-6^ C-l* and C-l6 with 37-8^ total 

saturated fatty acids by aspiration technique) and did 

not conform to the pattern of the surgical specimen taken 

at the same depth. When procaine ims not used for local 
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anesthesia prior to the punch biopsy,, the fatty acid 

pattern, though not typical, more closely approximatsdl 

that pre-riously reported, than «ben procalaie wais used. 

Wet Bterili^ation vith Wescooyae of the punch prior to 

use appeared to Influence the fat pattern. 
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Description and Progress: 

das liquid ehroaatograpby permits accurate analysis of fatty 

add composition of mlcroquantitles of adipose tissue. Hirsch, 

et al. have described a technique of sampling subcutaneous fat which 

obviates exdslonal biopsy and «faleh seems to accurately reflect 

the fatty add makeup of adipose tissue «hen compared to samples 

obtained by surgery. Hie technique is eminently simple and pain- 

less, and consists in aspiration of subcutaneous fat in the form 

of droplets into a large (50 ml) syringe through a Ho. 18 thin- 

vslled needle. 

A study was carried out to coaqpare the gas Chromatographie 

analysis of fat specimens obtained by the needle aspiration tech- 

nique versus specimens obtained by biopsy using a 2-mlllimeter 

dematologic punch. Samples «ere obtained from four human sub- 

jects at three-week intervals for 12 weeks, using both techniques. 

Specimens obtained from other volunteers Included: punch 

biopsy specimens obtained with and without 'procainization of the 

skin, biopsy specimens obtained with a punch sterilized by 

Wescodyne and a second, sterilised by heat; a surgical exdslonal 

biopsy specimen obtained at the same time as aspiration and 

/fit 
! 

• 



I 

I 

I 

i 

( 

I 

i 

I 

! 

I 

punch biopsy speclmene were obtained, and a thick surgical biopsy 

specimen «as obtained while a patient was undergoing surgery. 

Gas Chromatographie fatty acid patterns of specimens obtained 

by surgical biopsy and by aspirations were In keeping with those 

reported In the literature. The patterns of the specimens obtained 

by punch biopsy disclosed a higher percentage of saturated fatty 

acids and shorter chain fatty acids than obtained by the aspiration 

technique (51-5^ C-lk and C-l6 fatty acids with 57-1£ total satu- 

rated fatty acids by punch as compared to 39-8$ C-lk and C-l6 

with 37-8$ total saturated fatty acids by aspiration technique) 

and dUnot conform to the pattern of the surgical specimen taken 

at the same depth. The fatty acid pattern of punch biopsy 

specimens obtained without procalne anesthesia, though not typical, 

more closely approximated the generally accepted normal pattern 

than when procalne was used. Wet sterilisation of the punch In 

Wescodyne prior to biopsy produced a more "distorted" fatty acid 

pattern than did the punch sterilised by heat. 
• 

Summary and Conclusions: 

A study to compare the gas Chromatographie fatty acid 

patterns of subcutaneous fat obtained by various techniques was 

carried out. Patterns of specimens obtained by aspiration 

closely approximate those previously reported and those obtained 

on specimens surgically excised. Patterns of specimens obtained 

by punch biopsy revealed an Increased percentage of the shorter 

chain fatty adds. The method of sterilisation of the punch prior 
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to its use and the employment of proeaine as a local anesthetic 

were demonstrated to influence the fatty acid pattern of specimens 

obtained by punch biopsy. 

List of Publications: 

A report of this study is being written for publication. 
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Ubclasslfled 

It has been shown that the rate of Ingestion of 

the total dally calorie Intake has a pronounced effect 

on the intermediary metabolism of foodstuffs In various 

animals, characterised by enhanced llpogenesls. A 

study has been carried out In four young, healthy men 

to investigate the effect of periodicity of eating. If 

any. In the human. Four subjects consumed a 3600 

Calorie diet for a 12-veek period during which the diet 

was served In three equal meals, two small meals and 

one large meal, and In nine small snacks dally. Measure- 

ments of energy metabolism and body composition were 

carried out along with Investigation of possible changes 

in blood llplds and urinary excretion of adrenal steroids. 

The data are undergoing analysis. 

/?f 

> 



i: 

r 
! 

D 
n • 
i 

r 

! 

I 
i 

BODT OF REPORT 

Project Ho. 6x60-01-001 IHPERHAL MgPICmB 

Task No. 02 Metabollm »ad nutrition 
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of Intermediary Meta^ollin In Man (Study Ho. l) 

Description: 

A 12-week feeding study «as carried out In four young, healthy 

men In an attempt to elucidate possible metabolic changes Induced 

by varying the rate of calorie consumption. 

Progress: 

A study of the effect of varied periodicity of eating «as 

carried out In four human subjects over a 12-«eek period. A diet 

consisting of 3600 Calories (lOO gm protein, 170 gm fat, and 

U15 gm carbohydrate) «as fed In three distinct schedules: Daring 

the first two «eeks, the subjects consumed the diet In three Iso- 

calorlc meals. For three «eeks, the diet was served In two small 

snacks (300 Calories each) at breakfast and supper time and a 

single large meal (3000 Calories) at the noon hour. After one 

additional week of three equal meals, the subjects were fed the 

dally caloric ration In nine small snacks for three weeks. The 

last three weeks of the study were deroted to feeding the diet In 

three equal portions dally. Activity was supervised at all times 

and each subject took part In two strenuous exercise periods 

dally on either a level treadmill or a bicycle ergcmeter. Measure- 

ments Included O2 consumption and COg production throughout the 

day, body composition by the volumeter, blood llplds (total serum 
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cholesterol, llpld phosphorus, and glycerldes), urinary total 

nitrogen and ereatinlne, and urinary IT-ketosteroids and ^7- 

ketogenlc steroids. Samples of adipose fat vere examined by 

liquid gas-chromatography for fatty acid pattern. The study has 

been completed and the available data are being analysed. 

Summary and Conclusions: 

The data are currently being analysed statistically. 

List of Publications: 

None at this stage of the Investigation. 
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A second study of the effect of periodicity of eating 

in normal humans was carried out in 11 young men.  Subjects 

were divided into two groups and received a diet containing 

a plethora of calories.  One group received the dally 

ration In two small snacks and one large meal vhile the 

second group consumed the diet in nine small feedings daily- 

After six weeks, the groups switched dietary pattern, and 

the diet was fed for an additional six weeks. Measurement 

of blood lipid and fasting blood glucose was carried out 

in addition to body composition and analysis of changes 

in adipose fat.  The data are not complete at this time. 
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Description: 

In order to further evaluate the effect of varied periodicity 

of calorie consumption on human metabolism, a second feeding 

study was carried out In 11 young, healthy men using an excess 

of calories. 

Progress: 

A second study of the effect of rate of calorie Ingestion 

was carried out In 11 young men.  The study was of Ik weeks 

duration, nie diet consisted of 4050 Calories (100 gm protein, 

l8o gm fat, and 307'5  gm carbohydrate). The  subjects were 

randomly assigned to one of two groups. After a two-week 

dietary adjustment phase during which all subjects consumed the 

diet In three Isocalorlc meals, one group received the diet In 

nine snail feedings while the second group ate two small feedings 

(300 Calories, each) and one large meal (3^50 Calories).* This 

schedule was continued for six weeks after which the groups 

switched. The study was continued for an additional six weeks. 

Observations Included: blood liplds (total serum cholesterol, 

lipld phosphorus, glycerides, and non-esterifled fatty acids), 

fasting blood glucose and oral glucose tolerance tests, red 
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blood cell transketolase activity, basal metabolic rates, 

thyroldal 1-131 uptake, urinary IT-ketosteroid and 17-ketop^nlc 

steroids, urinary nitrogen and creatinine, plasma and adipose 

fatty acid analysis by liquid gas chromatography, total body 

water (DgO technique) and body composition. Data are incomplete 

at this time. 

Summary and Conclusions: 

Available data are being analyzed statistically, but a 

large amount of data is still outstanding. 

List of Publications: 

Rone at this stage of the investigation. 
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Uhclasslfled 

The effect of adding a uniform mlcrocrystalllne 

cellulose at the levels of 10, 20, and 30% to a basal 

synthetic diet «as evaluated to determine: the 

digestibility of a pure cellulose. Influence on the 

digestibility of other nutrients, and any alteration 

In metabolism produced. Eight human subjects were 

utilized. Evaluation and analysis of data Is not 

complete at the time of this report. 
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Description: 

nie Increasing world population has caused Investigators to 

explore the potential usability of various natural organic sub- 

stances as possible foodstuffs. Cellulose, a polysaccharlde 

component of the crude fiber of plants. Is known to be unaffected 

by mammalian ensymatlc digestion, but It Is digested by certain 

cellulolytlc microorganisms. Results of previous cellulose 

digestibility studies In man, dating back almost 100 years, have 

disclosed considerable variation with digestibility figures for 

cellulose, ranging from 0 to 79^* de amount of cellulose Ingested 

In the above studies was generally quite small. Hence, cellulose 

has never been considered to contribute any significant number of 

calories to the human. Recently, a mlcrocrystalllne cellulose 

of uniform size, which lends Itself well to nutritional studies, 

has become available. A study was designed to evaluate the 

digestibility of this pure mlcrocrystalllne cellulose In humans 

and Its effect upon the absorption of the other macro- and mlcro- 

nutrlents of the diet. 
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Progress: 

During January and February, eight normal human subjects on 

the Metabolic vard «ere maintained on a basal synthetic diet cal- 

culated to yield 2,000 Calories/day. After two weeks on the 

basal diet, cellulose «as added at successive intervals to equal 

10, 20, and 30£ by weight of the total diet. Urine and feces 

were collected to determine nitrogen balance and digestibility. 

Blood vae taken periodically to determine any effect upon lipid, 

carbohydrate, and protein metabolism. Urinary excretion of 

vitamins B^, Bg, B5, and nlacln were determined. The data are 

now being assembled and evaluated. 

Summary and Conclusions: 

The data from this study have not undergone sufficient 

analyses for definite conclusions. Though all subjects did 

lose weight on the 2,000 Calorie synthetic diet, there is a strong 

suggestion that in some subjects digestion of cellulose did 

occur to a significant degree. Nitrogen balance and fat digest- 

ibility were unaffected during the period of study. Upon com- 

pletion of the data analyses, future studies will be planned if 

indicated. 

List of Publications: 

None at this stage of the investigation. 
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TAiclassifled 

An Investigation of the plasma non-esterlfied 

fatty acid response to oral Ingestion of a glucose 

load in various diabetic and non-diabetic individuals 

is being carried out. The test is carried out in 

subjects in the fasting state and all hypoglycemic 

agents are withheld prior to the administration of 

a measured dose of glucose. Plasma non-esterlfied 

fatty acid levels are determined in a fasting specimen 

and then 30 minutes, 1, 2, 3, and occasionally, U 

hours after the glucose is given. 
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Description: 

The plasma non-esterified fatty acid levels of diabetics and 

non-diabetic Individuals are measured following an oral load of 

glucose• 

Progress: 

A test is being carried out on selected diabetic and non- 

diabetic Individuals in which, after an overnight fast, the subjedb 

is given an oral dose of 150 grains of glucose. Diabetics receiving 

hypoglycemic agents are Instructed to withhold medication at least 

12 hours prior to the test. Specimens Include: a fasting plasma 

level of non-esterified fatty acids followed by a 30-minute, 1, 2, 

3 and, occasionally, U-hour determination. Fifteen determinations 

have been carried out. Results obtained thus far show the prompt, 

expected fall in the NEPA of normal subjects but variable responses 
e 

in diabetics of varying severity. 

Summary and Conclusions: 

The fall in plasma NEFA in normal subjects is consistent and 

predictable following an oral dose of glucose. In diabetics of 

varying severity, there is a response which varies from normal 
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to no fall but rather a gradual rise In plasma non-esterlfied 

fatty acids. 

List of Publications: 

None at this stage of the investigation. 
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Increased yields  of C-14 tagged Chlorella 

are expected because  of improvements  in culture 

methods.    A method  for finding and counting 

cellulase-producing bacteria in stools was  de- 

vised and  is being used to determine changes in 

celluloytic  flora  in Avicel-fed volunteers. 
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Re.iear.ch_ 

Description» 

a. Production of Chlorella containing radioactive carbon C     . 
. 

b. Identification and enumeration of cellulate-producing bacteria. 

Progrettt 

a. A closed system for culturing Chjlorella, one of the blue-green 

algae  of interest in nutrition studies,   has been developed which permits 

continuous  addition of fresh medium and should permit continuous har- 

vest of algae  in the active phase  of growth.    This  will yield larger 

amounts of ChlqreUa per unit volume of medium,   and it will be applied to 

14 culturing Chlorella in medium containing  "tagged" carbon (C    ) for the 

Chemistry Division to be used for nutritional studies. 

b. 1.  The   Metabolic Division began a study of the nutritional 

utilization of Avicel,   a  microcrystalllne  cellulose.    The Microbiology 

Division  was asked to study methods  for detecting and counting 

cellulose-digesting bacteria in the stools of volunteer1; fed this product. 

Although slow and laborious procedures were  found,   none were practical 

for the  purpose  of this study.     Accordingly,   media with Avicel and 

other simple  cellulose   materials were  compared,   using a  culture  of a 

known cellulose-digester.    No practical method using Avicel itself 

could be   devised,   but  recently a  method.employing, a  carbpxy-methyl- 

cellulose  in an agar overlay was found to be promising.    With this 
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technique,   countable  depressions appear in the superimposed  medium 

corresponding  with colonies of bacteria digesting cellulose. 

2.    Six fecal specimens from an Avicel-fed volunteer have 

been studied with this  technique.    Three stools obtained and frozen 

before the  Avicel  regimen began, showed cellulase-producers ranging 

from 1,000 per gram to 200,000 per gram.    Three stools obtained after 

Avicel  was  eaten contained 2.5,   5.   and  7  million cellulose- 

digesters per gram.    Stools from the  other volunteers are now being 

studied as  well as  the  organisms  isolated.     Better  methods  also  are 

being sought. 

Summary and Conclusions; 

a. Increased yields  of C-14 tagged Chlorellj   are  anticipated 

following  Improvements    in  culture   methods. 

b. A  method  for finding  and counting cellulate-producing  bacteria 

in stools  was  devised and  is being   used to  determine  changes  in  cellu- 

loytic  flora  in Avicel-fed  volunteers. 

List of Publications; 

None. 
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Throu^i collaboration vith other investigators, 

current studies of total water intake in soldiers 

using a deuterium washout method will shortly include 

results at an additional geographic location.    Deuterium 

oxide to water ratios on samples from soldiers who were 

being acclimatized in Greenland are still being analyzed« 
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Project Xo.  6X60-01-001    IBTEBSAL MBBICIBB 

TaskUb. 02    Metabolism and Hutrltion 

Sub-task ITo. 5=6   Measurement of Ibtal yater Intake in Pleld 
TTslnfi Traoex Method 

Description t 

Utilizing a deuterium tracer method the total water intake 

in military personnel engaged in various activities at different 

geographical locations is noted. ' From the various rates of 

water intake the range between the maximum and ■tai— water 

use may be determined. 

Progress: 

Through cooperation with other investigators» further in- 

formation is being obtained on total water intake in Greenland. 

Capt. Robert J. T. Joy, MC, of the USAMRffL, Pt. Khoz, 

Kentucky» gave heavy water and obtained urine samples in a 

group of U, S. Army soldiers being tested by him uhile living 

in a simple shelter and traveling on the ice cap in Greenland. 

The ratio of HDOsH^O is being measured, and from this the 

total water intake will be calculated. The analyses, nhich 

are time-consuming, are still in progress. 

The results on men at this location will be oonpared with 

data already obtained on soldiers at several other locations. 

Temperature, humidity, body water, pool size and level of 

physical exertion will be compared. 
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Banmaxy and Conoluaionst 

Bo oonoltislons at present« Purther opportunities for 

such studies are awaited, to permit the aooumolation of 

snfflolent dsrta* 

list of Publications» 

None at this state of the investigation. 
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The following studies were  conducted under Sub-task No, 

6-1 during the period covered by this report as followss 

(1) Histopathology of Rats  Fed Irradiated Foods,     A paper, 

describing the spontaneous tumors found in aged rats was published. 

(2) Histopathology of Nodular Lymphoid Hyperplasia in the Lungs 

of Guinea Pigs« Histopathologic examination of available tissues was 

completed and a paper was published. 

(3) Spontaneous Regional Ileitis  in Rats.    Histopathologic 

studies were made of tissues  from all available affected animals  and 

a manuscript was publishedo 

(4) Spontaneous Endometrial Hyperplasia in the Guinea Pig. 

This hitherto unreported condition has been recognized and a histo- 
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pathologic study madeo  A paper was published. 

(5)  Incidental Lesions of Academic Interest Observed in 

Surgical Animal Subjects A number of interesting incidental con- 

ditions, some of which were hitherto unreported, have been recognized 

in animals used for surgical research. Because of their academic 

interest, these are studied and reported in the appropriate litera- 

ture» 
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Project No, 6X60-01-001 

INTERNAL MEDICINE 

Task No, 02 Metabolism and Nutrition 

Sub-task No, 6-1 Histopathology Of Laboratory Animals 

Sub-task No« 6-1 is a general purpose sub-task under which 

the various studies conducted on the histopathology of laboratory 

animals are grouped.  The studies are conducted as dictated by 

the need of the pathologist to gain an insight into the diseases 

of laboratory animals so as to be able to evaluate the lesions 

which occur in test animals employed in the various tasks assigned 

to the divisions of this laboratory«  The task is under general 

protocol, however^ formal protocols are not developed for indivi- 

dual studies.  The studies conducted during the period covered by 

this report are as follows: 

1«  Histopathology of Rats Fed Irradiated Foods,  A paper 

describing 62 neoplasms, found in 52 of 125 rats which lived 

a normal lifespan, on a 100% composite irradiated diet, was 

publishedo  Ten of the neoplasms had not previously been des- 

cribed as occurring in the rat. 

The thyroid glands of the rats in the above study were 

serially sectioned, mounted on 35 mm« film stock, and studied 

microscopically«  A special report on the evaluation of light 

cell adenomas in the thyroid glands was prepared. 
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2o Histopathology of Nodular Lymphoid Hyperplasia in 

the Lungs of Guinea PigSo Histopathologic study of all guinea 

pig lung tissue collected in prior years was completed» 

Several specimens of lung tissue from guinea pigs born and 

raised in a germ free environment were examined and these 

also were found to contain the lesion, 

It has been determined that the lung lesions observed 

are primarily lesions of pulmonary blood vessels which may 

have been inflammatory in nature, A paper, describing the 

gross and histologic appearance of the lesion, was published, 

3o Spontaneous Regional Ileitis in Rats» A paper re- 

porting this apparently new disease has been published. 

Recent shipments of rats have not been affected with this 

disease and this study is idle at the present time. If, at 

some later date, affected rats can be obtained a search for 

the etioiogic agent will be made using animal innoculation 

and tissue culture technics« 

u0  Spontaneous Endometrial Hyperplasia in the Guinea 

Pijjo A paper has been published describing the spontaneous 

occurrence of endometrial hyperplasia in 5 of 15 mature virgin 

females used in a tuberculosis prophylaxis study, "Out of the 

many hundreds of guinea pigs necropsied in this laboratory, 

the condition has only been seen on this occasion.  It is 

similar in gross and histologic appearance to the endometrial 
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hyperplasia in humans, dogs and cats. Because of the presence 

of ovarian follicular cysts in the affected animals, a hyper- 

estrogenic etiology is postulated. 

5. Incidental Lesions of Academic Interest Observed in 

Surgical Animal Subjects.  From time to time incidental lesions 

which are deemed worthy of publication, are found in dogs, cats 

and other species used for surgical research. 

a) A tumor was found at the bifurcation of the 

carotid artery of a surgical research dog.  Angiograms 

were made and the study was completed by the histopatho- 

logical diagnosis of ganglioneuroma.  Because of the 

completeness of the clinical, radiographic and patho- 

logic work up and because of the rarity of the neoplasm, 

a report is being prepared for journal publication. 

b) During the year, a paper was published on a 

liposarcoma in a dog. 

c) A case of secondary hypertrophic osteoarthro- 

pathy was found in a dog referred for necropsy. Because 

of the completeness of clinical chemistry, radiographs, 

angiograms, bronchograms and pathologic work up a 

paper is being prepared for journal publication. 

List of Publications: 

1,  Geil, R, G.; Davis, C. L. and Thompson, S. W.: Spontaneous 

Ileitis in Rats - A Report of 6U Cases, Am. j.\%t Res,, 22 
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(Sep 61), p. 932, 

2, Thompson, S« W., Huseby, R. A., Fox, M» A,, Davis, C. L. 

and Hunt, R, D.:  Spontaneous Tumors in the Sprague-Dawley 

Rat., J. Nat, Cancer Inst,, 27, #5  (Nov. 61), p. 1037. 

3. Geil, R. G. and Davis, C. L.: Spontaneous Endoraetrial 

Hyperplasia in Guinea Pigs - A Report of 6 Cases, Am, J, 

Vet, Res,, 23 (Mar 62), p. 362. 

U,  Thompson, S, W,, Hunt, R, D,, Fox, M, A, and Davis, C, L,s 

Perivascular Nodules of Lymphoid Cells in the Lungs of 

Normal Guinea Pigs, Am. J. Path,, 40 (1962), p. 507. 

5,  Garvin, C. H. and Frey, D. C.:  Liposarcoma in a Dog, J.A.V. 

M.A,, 140, #10  (15 May 62), p. 1073. 

List of Papers Presented: 

1.  Thompson, G, W., Ferrell, J. F,-and Frey, D, C: Clinical 

Seminar on Small Animal Pathology presented to the Denver 

Area Veterinary Medical Association, October, 1961. 

Special Reports: 

Special Report on the Evaluation of Light Cell Adenomas in 

the Thyroid of Rats Fed Irradiated and Non-irradiated Diets in- 

vestigated by Lt, Col, S. W, Thompson, V.C. and Capt. Ronald D, 

Hunt, V.C, report prepared by, S. W. Thompson, R. D. Hunt, J, F. 

Ferrell, and D, C. Frey. 
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The following studies were conducted under Sub-task No. 6-2 

during the period covered by this report, as follows: 

(1) Histochemistry of I.V. Fat Pigment - a variety of enzyme 

histochemical methods have been adapted to tissues from animals 

on the various intravenous alimentation studies» 

(2) Autoradiography - this technic is being applied to a 

study of thyroid function in the rat, 

(3) Microscopic Histochemical Studies of Canine Distemper 

and Infectious Canine Hepatitis Inclusions in Dogs. A study is 

under way to compare histocheroically the viral inclusions of 

Canine Distemper and Infectious Canine Hepatitis. 
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CO  Electron Microscopy Studies of I.V. Fat Pigment. With 

the aid of Dr. Hans Popper, Mt Sinai Hospital, New York, I.V. 

fat pigment in the tissues of rats and rabbits is being studied 

with the aid of electron microscopy. A report has been published. 

(5) Histochemical Study of Sheep Rumenal Pigment.  Abnormal 
e 

pigment of the rüaen epithelium and submucosa associated with 

particular experimental rations was studies by histochemical 

means to aid in its characterization. 

(6) Consultation Service.  Aid in the application of histo- 

chemical technics in the diagnosis of certain types of lesions 

was provided to other governmental agencies and research institu- 

tions as well as hospitals. 
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Project No. 6X60-01-001 

INTERNAL MEDICINE 

Task No. 02 Metabolism and Nutrition 

Sub-task No. 6-2 Development and Application of Histochewical 
Methods to Biological Research 

Sub-task No. 6-2 is a general purpose sub-task under which 

the various studies conducted in the development and application 

of histochemical methods are grouped.  These studies are conducted 

as required by the pathologists to develop new methods or modifi- 

cations of existing histochemical and histopathological methods 

to meet the needs of various tasks assigned to the divisions of 

this laboratory and SGO investigators under contract. The histo- 

chemical studies are conducted to gain additional insight into the 

diseases of laboratory animals and thus provide the pathologists 

with a broader base of knowledge with which to interpret their 

observations in their service to other investigators of this labo- 

ratory. The studies conducted during the period covered by this 

report are as follows: 

1. Histochemistry of I.V. Fat Pigment3 The histochemi- 

cal methods previously used to characterize I.V. fat pigment 

are being performed on tissues from rats and rabbits following 

the infusion of several newer fat emulsions (Southern Regional 

and Baxter Laboratories). The purpose of these studies is to 
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determine whether the pigment associated with these emulsions 

Is identical to that produced by Lipomul and other previously 

tested emulsions. At the present time all data indicate that 

all I.V. fat pigments have the same histochemical properties. 

Methods for the specific demonstration of acid phospha- 

tase, alkaline phosphatase, beta glucuronidase, and adenosine 

tri-phosphatase have been performed on tissue sections of rat 

and rabbit liver from animals receiving fat emulsions to 

determine any change in amount and distribution of these enzymes 

in hepatocytes. It has been shown that hepatic and Kupffer cells 

which contain I.V. fat "igment have greater than normal amounts 

of acid phosphatase and adenosine tri-phosphatase activity. 

2, Autoradiography. Investigations of thyroid function ■ 

in the rat are being conducted with the aid of autoradiography. 

An attempt is being made to determine whether all follicles 

of a thyroid gland respond similarly to various means of 

suppressing and stimulating the gland as a whole. The folli- 

cular response is being measured by the amount of radioiodine 

incorporated into individual follicles.  A paper is in prepara- 

tion. 

3. Microscopic Histochemical Studies of Canine Distemper 

and Infectious Canine Hepatitis.  A large series of cases of 

Canine Distemper and Infectious Canine Hepatitis from this 

laboratory have been reviewed and suitable tissues selected 

for histochemical study. Protein, carbohydrate, and lipid 

*?3^ 
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histochemical technics ar« being performed.  The histochemical 

characteristics of nuclear and cytoplasmic inclusions produced 

by the same virus (Canine Distemper) in various tissues are 

being compared. A comparison is also being made between the 

inclusion bodies of the two diseases.  The results of this 

study will be reported in an appropriate journal. 

4, Electron Microscopy Studies of I.V. Fat Pigment. 

This study is being carried out in collaboration with Dr. Hans 

Popper, Dr. Fenton Schaffner, Dr. Tibor Barka and Dr# Walter 

Neglia of Mt Sinai Hospital, New York.  Representative live 

rats taken from groups which had received 20 daily infusions 

(15 ml/kg body wt.) of Lipomul were shipped to Dr.  Popper in 

September 1960, 

It has been determined that the pigment exists in a 

globular form within a lysosoraal-like structure in the cyto- 

plasm of hepatocytes and Kupffer cells.  It has also been 

shown that there is an increase in the number of normal 

lysosomes in the cells containing I.V. fat pigment. These 

results have been reported. 

Specimens of liver from rabbits on current alimentation 

studies are being sent to Dr. Popper for further electron 

microscopic studies. 

5. Histochemical Study of Sheep Rumenal Pigment. 

Abnormal pigments have been observed within the rumenal 
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epithelium and submucosa of sheep on various types of experi- 

mental (high-protein) diets at Iowa State University. 

Selected tissue specimens were obtained for histochemical 

studies. 

Various protein, carbohydrate, and lipid histochemical 

technics have been applied to this pigment in an attempt to 

characterize it.  Characterization of the pigment is of 

interest due to the diets associated with its occurrence and 

the possible insight that may be gained into nutritional 

pathology of laboratory animals. 

A report is being prepared with Dr. Frank Ramsey, and 

Dr. Walter Woods of Iowa State University, for Journal publi- 

cation. 

6,  Consultation Service. Specimens are received from 

other governmental, academic and research institutions as 

well as hospitals for assistance in histochemical problems. 

Such services are rendered to: 

a) Fitzsimons General Hospital:  Preventive Medicine - 

rabies diagnosis 

b) Iowa State University: Aid in the characterization 

of pigment observed in the rumens of sheep. 

c) Medical School, University of Louisiana:  Aid in 

identifying I.V. fat pigment. 

d) Medical School, Vanderbilt University:  Aid in 

identifying I.V. fat pigment. 
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List of Publications: 

1, Thompson, II, S. W.; Bodgon, T. R. and Yost, D. H.: Some 

Histochemical Studies of "Cloisonne Kidney" in the Male 

Angora Goat, Am. J. Vet. Res., Vol. 22, N9. 89^ Juiy  1961. 

p. 757. 

2, Geil, R. G.: A simple technic for the salvage of tissue 

sections from broken microslides. Tech. Bull. Reg. of 

Hed. Technol. 31, 1961, pp 195-196. 

3. Thompson II, S. W.:  "Selected Histochemical and Histo- 

pathological Methods," to be published by Charles C. 

Thomas, Springfield, Illinois in 1962. Increased to 

14 chapters totaling 1000 pp. (approx.) and 250 11., 

11 of 14 chapters completed. 

4. Schaffner, F., Neglia, W. and Thompson II, S. W.t Electron 

Microscopy and Histochemistry of I.V. Fat Pigment, 

Federation Proceedings, April 1962. 

List of Papers Presented: 

1. Thompson II, S. W.: Newer Applications of Histochemistry, 
e 

to Am. Col. Vet. Path, AVMA Convention, Detroit, Mich., 

Aug. 1961. 

2. Thompson II, S. W.:  Lectures in histochemistry to pathology 

residents, Fitzsimons General Hospital, biweekly. 

3. Thompson II, S. W.:  Applications of Histochemistry 

to Pulmonary Pathology, TB Symposium.  Fitzsimons General 

Hospital, Sep. 1961. 
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4.  Thompson II, s. W.: Histochemistr/ of I.V. Fat Pigment. 

Am. Assoc. for Study of Liver Diseases. Chicago. Nov. 

1961. 
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RCS  - MEDDH-288 

Unclassified 

The following study was conducted under Task No. 02, Sub-task 

No, 6-3, during the period covered by this report: 

Toxicity of Intravenous Fat Emulsions.  Studies are being 

conducted in animals to assess the acute and chronic toxicity of 

several intravenous fat emulsions with special emphasis on hepa- 

tic function and micro-pathology. These studies are being con- 

ducted in association with Mt Sinai Hospital, New York, New York, 

Vanderbilt University, Nashville, Tennessee and Louisiana State 

University, New Orleans, Louisiana. 
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Project No. 6X60-01-001 

Task No,  02 Metabolism and Nutrition 

Sub-task No . 6-3 Assessment of Toxicity of Various Preparations 
for Intravenous Alinentation. Study B, Toxicity ' 
of Ifttravenous Fat Emulsions 

Description; 

Subtask No. 6-3 is a general purpose sub-task under which 

all biological toxicity testing, and related histopathology, of 

products intended for intravenous administration are grouped. 

This is essentially a service function.  The products to be 

tested are furnished by other investigators of this laboratory 

or SG0. The task is outlined in a broad scope protocol and 

special detailed protocols are prepared for each product sub- 

mitted for testing. These latter protocols are approved by the 

requestor as well as other service facilities of this laboratory 

prior to the initiation of a given study.  During the period 

covered by this report a study was conducted on intravenous fat 

emulsions. 

Progress; 

Toxicity of Intravenous Fat Emulsions.  A joint study 

involving Mt. Sinai Hospital, New York, Louisiana State 

University, Vanderbilt University and USAMR6NL is being 

conducted to determine the acute and chronic effects of 

various intravenous fat emulsions, especially as to their 
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production of pigments within the liver and resultant hepatic 

disease.  Four emulsions and their emulsifying systems are 

being tested:  SR 695, SR 695-prepared by Baxter Laboratories, 

"Intralipid," and a synthetic triglyceride. 

The emulsions are being administered to rabbits at the 

rate of 15 ml/kg body weight, using a 15% emulsion. Infusion 

time is approximately 105 minutes. Each rabbit will receive 

30 infusions.  Throughout the period of each phase of the 

study, extensive clinical and laboratory data is collected. 

Several liver function tests are used on this study and in- 

clude: radioactive gold, radioactive (I  ^ tagged) Rose 

Bengal, and BSD (depending on study and group).  Liver bio- 

psies are also don« on all  test animals and specimens are 

submitted to Mt Sinai Hospital (Drs. Hans Popper, Fenton 

Schaffner, and Tibor Barka) for electron microscopic studies. 

Specimens are also retained by the PathoJogy Division, 

USAMR6NL for enzyme histochemical studies.  Periodic liver 

function tests and liver biopsies wi11 be performed for 

periods up to six months following the completion of infu- 

sions.  Time of sacrifice of animals will depend on findings 

of these tests. 

Louisiana State University (Drs. Isidore Cohn and 

Mohammed Atik) is infusing the same materials into dogs and 

is sending biopsy and necropsy material to the Pathology 

Division, USAMRfiNL for histochemical and histopathological 

studies. 
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Vanderbilt University (Dr. Raymond Meng) is infusing "Intra- 

lipid" into dogs and rats, at the rate of 15 ml./kg body weight. 

Each animal will receive 30 infusions. Biopsy and necropsy 

material from the dogs, and live rats, are being sent to the 

Pathology Division, USAMR6NL for histochemical and histopatho- 

logical studies and for transhipment to Mt Sinai Hospital if 

electron microscopy is deemed appropriate. 

Conclusions: 

A joint evaluation of all data will be performed at the 

completion of these studies, and a joint report prepared. 

This will be accomplished at a meeting of all participants et 

USAMR6NL in the second quarter of FY 1962. 

List of Publications: 

Thompson II, S. W.:  Long Term Effects of I.V. Fat, 

Gastroenterology, Apr. 1962. 

List of Papers Presented: 

1. Thompson II, S. W,:     Long Term Effects of I.V.   Fat, 

to Surgeon General's Task Force, Sep.   1961 and Am.  Assoc. 

for the Study of Liver Disease, Nov.   1961,  and Am.  Col.   of 

Vet.  Tox., Salt Lake City, Jan.   1962. 

2. Hunt, R. D.: Effects of I.V. Fat Pigment in the Livers of 

Animals, to Society for Experimental Biology and Medicine 

Rocky Mtn. Region, Apr. 1952. 

3. Hunt, R. D.:  Studies on I.V. Fat Pigment to MEND 

Symposium, USAMR6NL, May 1962. 
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ABSTRACT 

Project No. 6X60-01-OO1 
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Sub-task No. 6-6 Carcinoganicity of Foods Preserved by Irradiation 

U, S. Army Medical Research and Nutrition Laboratory, Fitzslmons 
General Hospital, Denver 30, Colorado. 

Authors: Samuel W. Thompson, II, Ronald D. Hunt, John F. Ferrell, 
and Dean C. Frey. 

RCS - MEDDH-288 

Unclassified 

This study is designed to further evaluate the reproducibility, 

pathogenesis, and etiology of the left auricular lesions originally 

observed by Dr. Harry Monsen (DOA Med. Res. Contract #CA U9 007 MD 

794) in Cb and Strong A strains of mice fed a composite 100% irradi- 

ated diet. At present all animals have been sacrificed on two phases 

of the stuc^ and 485 remain to be sacrificed.  Statistical analysis 

of results awaits the completion of histopathological reports on 

all animals on the sutdy. At the present time no.conclusions can 

be drawn regarding the incidence of lesions in experimental versus 

control animals. 
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Project No. 6X60-01-001 

Task No. 02 Metabolism and Nutrition 

Sub-task No. 6-6 Carcinogenicity of Foods Preserved by Irradiation 

Description: 

This project is a repeat (at the request of the SGO) of the 

study conducted by Dr. Harry Monsen of the Department of Anatomy, 

University of Illinois, College of Medicine, on Department of the 

Army Medical Research Contract #DA 49 007 MD 791.  He reported 

the occurrence of a lesion which afflicted the left auricle of 

the heart of some mice of the Cb and Strong A strains. The 

incidence rate of this lesion incriminated the irradiated foods 

which were fed.  The study being conducted at this laboratory is 

designed to further evaluate the reproducibilityt pathogenesis and 

etiology of the left auricular lesions originally observed by 

Dr. Monsen.  It is divided into 4 phases:  (1) breeding of the 

required strains of mice; (2) repeat of Dr. Monsen's original 

protocol; (3) pathogenesis and (4) etiology. 

The irradiated and the non-irradiated control diet consists of 

a composite of pork, chicken, milk (evaporated), white potatoes, and 

carrots (blanched), to which is added commercial vitamin and salt 

mixtures.  A commerical laboratory rodent pellet diet is also being 

fed as a second control. 
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Progress: 

Phase I - The breeding of the required number of mice 

has been completed and this phase of the project has been 

discontinued. All breeding stock mice whose offspring were 

placed in another phase of the experiment are being allowed 

to live out their lifespan. These mice will receive a com- 

plete necropsy and histooathological examination at the time 

of their death.  One 'hundred twelve mice remain to be sacri- 

ficed. 

Phase II - Due to a change in the age of occurrence of 

heart lesions reported by Dr. Monsen, the following change 

in protocol has been made and approved: the sacrifice dates 

for this phase have been changed from a single 200 day sacrj- 

fice to 200t 300, U00, 500, and 600 day sacrifices. Twelve 

hundred Cb and 1200 Strong A mice were used in this phase 

and were divided into three equal groups of paired litter mates 

according to diet:  irradiated, non-irradiated and pellet con- 

trol.  All animals on this phase have now been sacrificed. 

Phase III - All mice of the Cb strain which were origi- 

nally scheduled for this phase have Leen put on test. For the 

reason cited above, (Phase II), this phase was extended from 

200 days to 300 days in length with mice being sacrificed at 

25 day intervals. At 0 days and every 2? days thereafter up 

to and fncluding 100 days, 6 females and 6 males were sacri- 

ficed, B<»-inning at 125 days and every 25 days thereafter 
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up to and including 300 days, 3 females and 3 males were sacrl- 
m 

ficed. All 108 mice scheduled for this phase have been sacri- 

ficed. 

Phase IV - Due to the change in the age of occurrence of 

heart lesions in Dr. Monsen's report the following changes in 

protocol were made and approved: the number of mice on each 

diet component was Increased from 250 per group to 400 per 

group. Increasing the total number of mice from 1000 to 1600; 

the single 100 day sacrifice originally proposed was changed 

to sacrifices of equal numbers of mice at 100, 200, 400 and 

600 days. The mice are being fed a total of 20 diets.  One 

ingredient of each diet being irradiated. Each of these 5 

diets is then divided into four groups:  cooked with vitamins, 

cooked without vitamins, uncooked with vitamins and uncooked 

without vitamins. Three hundred four animals remain to be 

sacrificed, with the last scheduled sacrifice date 6 Get, 1962. 

At the request of Colonel Hursh, a total of 84 mice of the Cb 

strain were placed on an irradiated diet In October 1960 similar to 

Phase II with the exception that the milk component was stored 

at -10oF rather than at room temperature.  To date 16 of these mice 

have died, leaving 68 mice still on the study. 

At the suggestion of Dr. Monsen 72 mice of the Cb strain were 

placed on a milk diet fortified with vitamin mix on 19 August 1960. 

This milk was furnished by Dr. Monsen from his stock. The animals 
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on this study are divided as follows: 

Group 1-18 mice - uncooked irradiated milk. 

Group 2-18 mice - cooked irradiated milk. 

Group 3-18 nice - uncooked non-irradiated milk, 

Group 4-18 mice - cooked non-irradiated milk. 

To date 71 mice have died leaving 1 on the study. 

Dr. Monsen ran a companion study. 

At the suggestion of Major Berg, QMF6CI a total of 72 mice of 

the Cb strain were fed a diet similar to the Phase II diet. 

However, these mice were fed in bean pots rather than disposable 

containers (to rule out or rule in effects of sanitary aspects). 

Thirty-six were fed the irradiated diet and 36 were fed the con- 

trol diet. All mice have been sacrificed. 

Summary and Conclusions: 

A total of 4376 mice have been placed on the experiment and 

a total of 3891 mice have died or been sacrificed to date. 

Statistical analysis of results awaits the completion 

of histopathological reports on all animals on the study. At 

the present time no conclusions can be drawn regarding the inci- 

dence of lesions in experimental versus control animals.  Grossly 

recognizable dilatation and/or rupture of the left auricle and 

atrium, as described by Dr. Monsen, has not been seen. Thrombosis 

has been observed in microscopic sections of the heart in several 

animals. Calcification, usually of the right ventricle, and 
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focal chronic myocarditis are seen rather frequently. Other 

lesions which have been observed routinely are: urolithiasis 

of the kidney, adrenal cortical hyperplasia, reticuloendothelial 

hyperplasia of various lymph nodes, and lung tumors. A high 

incidence of mammary carcinomas and fibrosarcomas is noted in the 

animals from the breeding colony. 

List of Publications: 

None. 

List of Papers Presented: 

Thompson, S, W. II, Irradiated Food and Cardiac Lesions in 

Mice, MEND Conference, USAMRNL, May 1962. 
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A manuscript entitled "Hiysiological Measurements of Hstabolio 

Function in ünn1* has been completed, submitted and accepted for 

publication "by MoOrair-Hill Publishing Company, Blakiston Division, 

Hew York City. This book deals primarily with the various physio- 

logical procedures used to measure metabolic function in man. Some 

of the areas covered in 14 chapters include respiratory metabolism, 

body composition, pulmonary function, metabolic and heat balances, 

and physical fitness and performance. 
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Project Ho.  6X60-01-001    UPFEBKAL MEMCINB 

mask Do. 04    Pharmacology of the Combat Soldier 

Sub-task Ho. 1-1    HnrBlologloal Ifeasttranenta of ÜBtabollo Fonotlon in Ihn 

Desoriptiont 

This manuscript which contains 14 sections, deals primarily with the 

■various physiological measurements used to measure metabolic functions in man* 

Progresss 

A final draft of this manuscript has been completed and accepted for 

publication with a September 1962 issue date by the BLakiston Division of the 

MoOraw-Hill Publishing Company« 

Summaxy and Conclusions t 

The manuscript of a book entitled "Rjysiologioal Measurements of Nstabolio 

Function in Man*, under revision for several years, has been completed and is in 

the hands of the publishers (Blakiston Division of MoOrair-Hill Publishing Co.). 

The sections of this book are as followst (l) Bespiratory Metabolism, (2) 

Analysis of the Eespiratoiy Oases, (3) Ihe Physical Chemistry of the Blood Oases, 

(4) The Analysis of Blood Oases and pH, (5) Measurement of Pulmonary Function, 

(6) Body Composition, (7) Measurement*of Body Composition, (8) Confutation of 

Metabolic Balances, (9) Physical Fitness and Performance, (10) Methods for 

Testing Physical Fitness, (ll) Meteorological Measurements, (12) Beat Balance, 

(13) Limits of Variability of Physiological Measurements, and (14) Miscellaneous 

Tables. This should be of -value to researchers studying the "pharmacology of the 

combat soldier". 

Publication: 

In press for 1962 publication. 
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Qiclassified 

Tbe  apparatus which was previously developed for the continuous 

measurement of csygen consumption and body temperature has been refined 

for ease in operation. A dry gas meter has been fitted with an 

electrical output and installed in the unit to replace the Rieumo- 

tachograph which was previously used. Two automatic timers have been 

installed, one which controls the movement of expired gases through 

the apparatus and one which controls the collection of the data on 

strip chart recorders. An additional gas inlet has been included 

in the apparatus to permit the gross analysis of respiratory gases 

which have been collected in respiration bags from subjects not 

connected to the analyzer. 
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Project Ho. 6X60-01-001 TSJXBSAL  MEDICINE 

Task No. 04 Pharmacology of the Comhat Soldier 

Sub-task No« 1-1 f Development and Application of A Oontlnuous Pireot Heading 
Instrument for Measuring Oxygen Conmiaption During Brercise 

Desoriptiont 

übe ohjective of this project has been to develop an apparatus for the 

continuous monitoring of expiratory gas volume, expiratory oxygen and carbon 

dioxide concentration, pulse rate and temperature on humans during rest and 

exercise. 

Progresst 

The oxygen consumption analyzer was vised for measuring energy expenditure 

continuously for a period of three months. It was found that for long term 

measurements, that is longer than 15 minutes, the inherent instability of a 

pneumotachograph type flow meter necessitates the continuous recalibration of 

the instrument during use,. This is undesirable since it prevents personnel 

from doing the other tasks necessary when measuring energy expenditure. A 

standard dry gas meter was fitted with a continuous type potentiometer on its 

dial. An electrical signal is tapped from this potentiometer and recorded on 

a strip chart recorder. In this manner, an expiratory gas flow is measured 

without the use of a complex electronic instrument thus eliminating the problem 

of instability.  This unit was used with 12 subjects for two months without 

difficulty and with extremely good dependability. 
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A timing unit is being added which will accomplish the flushing of the 

instrument and the recording of the results with reproducible time elements. 

Ihis unit consists of an interval timer which controls the length of time 

gas is pumped through the analyzer. A delay timer prevents the recorders 

from operating before the analyzer has been properly flushed of gas remaining 

from the previous sampley thus eliminating erroneous results» 

Solenoid operated valves have been added which permit the selection of 

gas either from *the subject connected to the analyzer or from a respiration 

bag containing previously collected gas. Regardless of which source of gas 

is used, it is dried and pumped through the analyzers in the same manner, thus 

preventing additional handling of the gas« Ibis makes it possible to measure 

gross energy expenditure on subjects with collection bags while measuring a 

single subject continuously with the analyzer unit« 
• 

Summary and Conclusionst 

The continuous oxygen consumption analyzer has been refined to allow long 

term sampling with less handling» A dry gas meter has been incorporated for 

the measurement of expiratory gas volumes and timers have been added to control 

the length of the samples. A modification permits the analysis of expired 

air, which has been collected in sampling bags, for oxygen and carbon dioxide 

concentration» When a suitable unit is found for the recording of pulse rates 

during exercise, this will be added to the unit» 

Publications t 

A laboratory report showing the wiring diagrams and other essential parts 

of the instrument will be prepared in the near future. 
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During the past few years several French investigators have 

reported the beneficial effects of aspartio acid salts as a means 

of reducing fatigue at the neuromusoular level. Laborit, et al. 

postulated that potassium and magnesium salts of aspartio acid, 

functioning in an intermediate position in the Krebs cycle, should 

provide an increase of metabolic efficiency or delay of metabolic 

exhaustion, and in support of this theory claimed increased 

endurance of swimming rats given E or mg-aspartate. As reported in 

last year's annual progress report, our Laboratory found no difference 

in swimming times (to exhaustion) between rats, or dogs, given aspartate 

salts, and control animals. 
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Investigation was extended to human subjects, using a commercial 

preparation of K and Kg salts of aspartio acid recently made available 

to physicians in this country, and described as an anti-fatigue agent. 

Twelve test subjects, «ho ranged in age from 20 to 43 years, performed 

a dally brisk treadmill walk for 30 minutes for a total of 9 weeks. 

A treadmill run was also performed during the 6th and 7th weeks and 

at the end of the control recovery period. In addition comparisons 

were made of vital capacity, maximum breathing capacity» breath holding, 

grip strength and Bheotome responses. The men were divided randomly 

into two groups and given aspartate or placebo in "double-blind" 

technique. The first two weeks were control periods to role out 

the effect of training, the next 3 weeks were "therapy" of either 

the aspartio acid salts or the placebos, and the last two weeks a 

control recovery period. 

Comparisons are now being made of the treadmill and other tests 

performed during the study. 
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BOUT OF BEPORT 

Project So.  6X60-01-001     UPPBRlirAL HEDICHSB 

Task No. 04    Pharmacology of the Combat Soldier 

Sub-Eask No.  1-9    PtoBlological and. Moohemloal Bvalttatlon of Potential 
Antl-Fiati/me Dnu^s» 

K and % Aapartic Acid Salts (Spartase) in Htimans 

Sesoriptiont 

This study «as designed to investigate the effects of aspartlc acid salts 

(another of the so-called anti-fatigue agents?)t as a possible means of 

increasing endurance and prolonging the onset of fatigue. 

Progresst 

No new studies have been done with animals. 

A study has been completed on 12 men for a period of 9 weeks. The men 

exercised 30 minutes a day, 3 days a week ty walking briskly at 4*0 mph on a 

3.99^ grade. Ihe study included a 2 week control period, a 3 week therapy 

period (6 men ingesting 2 gm of Spartase daily) and a 2 week recovery period. 

Energy expenditure was measured 2 days a week on each man, during the last 

10 minutes of exercise and for 10 minutes of recovery following exercise. A 

maximum run was performed on the treadmill (at 6.8 mph at an 8,0^ grade) at 

the end of the 6th, 7th and 9th weeks of the study. 
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Summary and Conclusions t 

The effects of ,,8partasew has heen studied on men undergoing exercise on a 

motoiMiriven treadmill. Ereliminaiy inspection of the data suggests that there 

is no difference between the MSpartasew and control groups, in any of the 

measurements made* It seems that under the conditions of this experiment 

"Spartase" had no effect on the ability of men to perform a fixed task. 

Publications 

A manuscript is being prepared for publication. 
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No new experiments testing the endurance of animals treated with 

the organic trie buffer, THAN, have been performed during the past 

year. In previously reported studies, infusion of THAM prior to the 

exercise gave no significant improvement in swimming times (to 

exhaustion) of dogs and rats. Flans and techniques have been developed 

to measure endurance times and physiologic parameters in dogs running 

on a treadmill when THAM is infused late in exhausting exercise as 

near the end point as can be predicted, or after exhausting exercise. 
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BODY OP HBPQRT 

Project No,  6X60-01-001    HfEBRHAL MBDICHtB 

Task. Bo. 04    Pharmacology of the Combat Soldier 

Sub-task No.  1-9a    Ryalologioal aad Bloohemloal Bvalaatlon of Potential 
■Antl-Fatigixe Drwpt    1HAM 

SeBoriptions 

Recent work with THAM (trie hydroxymethylaminomethane), an amine buffer, 

has shown that when administered intravenously during severe aoidosis, it will 

combine with carbon dioxide very effectively and is able to maintain the blood 

pH within a narrow range near 7.40. Hahas has reported that the intravenous 

administration of THAM will increase the endurance time of dogs running on a 

treadmill at high speeds. It has been postulated that SAN will combine and 

neutralise the free lactic acid which accumulates in the blood stream during 

severe exercise and thus prevents the acidosis which would normally occur. 

Rrogresei 

This project remained inactive during the past year since further work was 

necessary (a) on the development of chemical procedures for measurement of 

TEAM blood levels, (b) on the development of a suitable dog mask for measuring 

metabolic rates, and (o) on the training of the dogs on the treadmill. 

In the first phase of this study the effect of TEAK was evaluated to see 

Aether it prolonged the swimming time of rats and dogs. In each of two studies 

40 rats swam to exhaustion at 23 and 170C and in the third study 4 dogs swam 

at IT0«*. 
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Suuanary and Conclusions» 

In study one (250C), the controls had mean swimming times of 37.0 ± 25.2 

minutes in comparison to the THAM-infused times of 32,4 + 10.9 minutes. At 

lyOC, the oontxol rats swam for 12.6 + 2.4 while the THAM-infused rats averaged 

13,6 + 1.8 minutes. In the dog experiment the controls averaged 117 + 70 while 

the THAM-infused averaged 123 + 57 minutes, under the conditions of this study, 

the swimming times of xats or dogs infused with TEAM, did not differ significantly 

from the swimming times of the control animals. 

Die next phase of this study will be to infuse dogs with TEAM after an 

exhausting performance on the treadmill and to oheerve their performance. 

List of Publicationsi 

The Effects of TEAM on the Swimming Time of Bats and Dogs (in press) 

LeBoy 0. Matoush, Richard A, Nelson, C. Frank Consolazio, SSO Juan B, Tbrres 

and Gerhard J, Isaac, 
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The primary object of this study «as to evaluate the effects 

of the oral Ingestion of wheat germ oil, vitamin E and vitamin C 

on the swimming times of rats (to exhaustion). As reported in 

last year's annual progress report, these rats were divided into 

4 groups, including a control, and were allowed to swim at 250C, 

carrying a 9 gm weight around the neck. There were no significant 

differences in the swimming times of the drug treated animal a when 

compared to the control animals. No new experiments have been 

performed, but plans have been made, and the preparation 

•^Ootocosonol", a wheat germ oil extract, has been obtained for 

testing purposes. 
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SOOT OF HEPOET 

Project No. 6X60-01-001 INTEHNAL MEDICINE 

Task No. 04 Pharmacology of the Combat Soldier 

Sub-task No. 1-9c Physlologloal and Bloohemloal Evaluation of Potential 
Antl-Jatigue Darugs "      " " 

Wheat Qerm Oil, Vitamin C and Vitamin E 

Description t 

The objective of this study was to evaluate some of the "so oalled,, 

anti-fatigue drugs, on rats swimming to exhaustion. Ihey included wheat 

germ oil, vitamin E and vitamin C. 

Progresst . 

No new experiments have been performed in this reporting period. Plans 

have been made to test another preparation "Octocosonol**, a «heat germ oil 

extract. The producers claim that this substance is the compound that will 

prolong endurance and prevent the onset of fatigue. The detailed report in 

this area will be deferred pending completion of tests of "Octocosonol'*. 

Publications t 

None. 
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The responses of two subjects to exercise were studied after 

a time lapse of 29 years. Environmental temperatures varied from 

0 to 50PC and oiygen consumptions from the resting value to about 

10 times BMR, In BSD, present age 70, the heart rates were about 

the same in easy and moderate work at temperatures up to 40oC, but 

much higher at 50oC. In FC, present age 50, at all work levels the 

heart rates were the same up to 20oC, lower at 30 and 40°C and 

higher at 50oC. The aerobic capacity of both subjects had declined 

about one-fourth. Thus the responses to the stress of extreme 

heat showed little loss while there was considerable loss in the 

ability to withstand the stress of hard work. 
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Project No. 6X60-01-001 JSTBBSAL MEDICINE 

Teak Ho. 04 Fharmaoology and the Combat Soldier --.-  

Sub-task Bb. 1-13 The Hesponae to Brerolae aa Belated to Age aai Environmental 
Temperature 

Collaborative Study with Uhiversity of Indiana, Department of Physiology and 
Anatomy, KLoomington, Indiana, and XT* S. iroy Medical Research and Biitrition 
Laboratory, Pitzslmons General Hospital, Denver 30, Colorado« 

Description* 

The decline of the capacity for hard work with increasing age is well 

known. Whether there is necessarily a decreased ability to withstand other 

stresses such as heat is not certain. To investigate this question a study 

has been repeated on two subjects on the bicycle ergometer carried out 29 

years ago. Subject FC is now 30 years old and DBD 70. 

Progresst 

nxis study was completed at the University of Indiana and Army Medical 

Research Laboratory, Fort Khox, Kentucky during May 1961. Measurements 

included metabolic rate and pulse rate at 6 temperatures of 0° to 500C and 

6 levels of physical activity, de data has been analyzed and a group of curves 

constructed showing the heart rate for FC in rest and all grades of work up to 

an oxygen consumption of 2.6 liters/minute and at temperatures ranging from 

0 to 50oC| and for DBD up to an oxygen intake of 2.1 liters/minute. A report 

has been completed and is in press. 
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Summary and Conclusionst 

It has been observed that in DBD, age  70« the heart rates were approxi- 

mately the same in the light to moderate «oik: rates at environmental temper- 

atures up to 40oC, hut at JOPO  the pulse rates were much greater. In PC, age 

301  at all the «oik levels up to 2&>Cf  the heart rates «ere the same, hut at 

30 and 40oC they «ere lower and at 50oC they were increased. It has been 

shown that the aerobic capacity of both subjects had declined about one-fourth, 

nie responses to the stress of extreme heat showed little loss while there was 

a considerable loss in the ability to withstand the stress of hard «oik. 

Publications t 

1. The Response to Exercise as Belated to Age and Environmental 

Temperature. D. B. Bill and C. P. Consolazio. American Physiological 

Society Annual Meeting, September 1961. 

2. The response to Exercise as Belated to Age and Environmental 

Temperature. D. B. Bill and C. P. Consolazio. J. Appl. Physiol. Nay - 

June 1962 (In press). 
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The following study was conducted under Task No. 0U, Sub-task 

No. 6-3, during the period covered by this report: 

Toxicity of Tris Buffer Administered Intravenously to 

Normal Laboratory Animals. Tris buffer has been administered to 

8 rabbits and 1 dog for the purpose of determining histochemical 

and pathologic changes produced. In the rabbits the only lesions 

which could be attributed to THAM were local reactions to the in- 

fused material which resulted in ulceration of the ears. 

The one dog which received THAM in dosage of 1.5 g/Kg daily, 

infused at a rate of 0.5 ml/Kg/min of 0.3 Molar solution, died 

12 hours after the second infusion and showed acute toxic nephrosis 

on necropsy. • 

-?73 

n 



I 
I 
( 

I 
[ 

) 

! 

I 
I 

i 
I 
i 

1 

BODY OF REPORT 

Project No. 6X60-01-001 

Task No,  0U Pharmacology of the Combat Soldier 

Sub-task No, 6-3 Assessment of Toxicity of Various Preparations 
for Intravenous Alimentation. Study A.  Toxiclty 
of Tris Buffer 

Description; 

Sub-task No. 6-3 is a general purpose sub-task under which 

all biological toxicity testing, and related histopathology, of 

products intended for intravenous administration are grouped, 

Tris buffer (THAN) has been suggested as a potential anti- ' 

fatigue agent (or at least as a prototype of such a compound) 

because of its ability to buffer lactic and carbonic acids. Prior 

to possible use in humans, and concomitantly with animal physio- 

logical studies, more pharmacology and pathology studies in ex- 

perimental animals were needed. 

Progress; 

Toxicity of Tris Buffer Administered Intravenously 

to Normal Laboratory Animals.  Tris buffer was administered 

to 8 rabbits for a period of 20 days.  Eight rabbits were 

used as controls and received normal saline to which 5 mill! 

equivalents of KC1 per liter was added.  The test animals 

were given & 0.3 Molar solution of THAN at the rate of 0.5 

gm/kg at 0.5 ml/min. for a total dose of 1.5 Gm. or 41 ml. 

for a 3.0 Kg animal and 2.0 Gm. or 55 ml. for a U,0 Kg animal. 
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Four test and four control animals were sacrificed at the 

completion of the infusions. Equal numbers were held for 

20 days before being sacrificed.  Clinical, clinico-patho- 

logic, necropsy, and histopathological findings were recorded. 

Special enzyme histochemlcal stains were done for the purpose 

of determining alkaline phosphatase, acid phosphatase, 

esterase, peptldase, DPN diaphorase, and TPN diaphorase acti- 

vity in kidney tissue from experimental and control animals. 

Of all the lesions observed in the test animals, a cellu- 

lltls and ulceratlon of the ears at the site of infusion was 

the only one that could be specifically attributed to the 

injection of THAM.  Nephrosis was observed in one animal and 

may or may not have been due to the ir-'ection of THAM. 

One dog received two infusions of a 0.3 Molar solution 

of THAM, each infusion totaling 1.5 gn-k^, at a rate of 4.35 

ml/min. (90 min.) (a total of 392.5 ml. per infusion). 

Trembling and vomiting occurred during the first Infusion. 

Following the infusion a generalized weakness was apparent. 

During the second infusion the same symptoms were observed, as 

was marked hematuria.  Following the second Infusion urine 

flow ceased and the dog's condition deteriorated rapidly. 

Apprehension was followed by weakness and unconsciousness with 

occasional stiffening of the extremities. The comotose animal 

died 12 hours postinfusion.  The Histopathologic diagnosis 

was acute nephrosis.  The BUN rose fro"' 58.8 to 96.7 on the 

day of death and the creatinine rose from 2.87 to 5.93. 



I 
I 
I 
I 
I 
! 

I 
i 
1 
I 
I 
I 
I 
I 
I 
I 

The dos« and rate of administration of th« Tris buffer 

was not greater than that previously reported to be tolerated 

in dogs, and the response of this animal was unusual but must 

be presumed to be associated with the infusions. Whether 

some unknown pre-existing disease, or a particular physiologi- 

cal state of the animal contributed to the reaction and death 

is not known, and this represents only on« case, incompletely 

studied, but the experience at present further interdicts 

trials of the Tris buffer in normal humans in this laboratory 

as a possible anti-fatigue agent, even though total dosage 

in humans would be considerably lower. Its therapeutic use 

in appropriate patients, however, is not gairsaid. 

Papers sumaarizing these and previous studies on the 

histopathology and toxicity of THAM are in preparation. 

List of Publications: 

None 

*7i 



I 
I 
I 
I 
I 
I 
I 
I 

I 
1 

i 
I 
I 
I 
I 
I 

AHNUAL PROGRESS BBPORT 

Project Ho. 6X99-26-0Q1 

BASK? RESBARCH IV LIFE SCIEHCES 

Hask No. 03 - Blochenlatry 

Sub-task No. 2-9   IfctahollaM of Calltdose by the Noawal 
Wopmnlnant, the Bat '"" 

(Study Nos. 3,5   Digestion of Canoa Leaf Cellulose; 
The Digest Ion of Tobacco Haulcelluloee) 

U. S. Axmy Nadlcal Research and Nutrition laboratory 
Pltzslaons General Hospital 

Denver 30, Colorado 

Chenlstry Division 

1 July 1961 - 30 June 1962 

R. B. Johnson, Ph.D. 
and 

S. Juknewlcz, 8pk 

QUALIFIED REQUESTORS KAY OBTAIN COPIES OF ZEES REPORT PROM ASTIA 

Reports Control Sjoobol - MEDDH-288 

UNCLASSIFIED 

J77 

I 



I 
f 
I 
I 
I 
i 

i 

i 

i 
i 
I 
! 

1 

ABSTRACT 

Rrojeat So.  6X99-26-001 BASIC RESEARCH TS LIFE SCTESCSS 

Task No. 02 BloahemlBtry 

Sub-task No. 2-9 Mstabollam of CelluXose by the Nonnal Ncaaüfumlnant, 
the Bat 

Study Nos. 3t5   Olgestlcm of Caana Leaf Cellulose; 
The Digestion of Ttibacco Semlcellulose 

U. S. Azmy Medical Research and Nutrition laboratory, Fltzsinons 
General Hospital, Denver 30, Colorado 

1 July 1961 - 30 June 1962 

Authors: R. B. Johnson and E. Juknewicz 

RCS MEDDH-a88 

Unclassified 

The digestion of hanlcellulose has been studied with the C1^ 

technique. Tobacco hemlcellulose Is digested more rapidly and more 

completely than Is tobacco cellulose. The C1^1 excretion pattern 

shown by 15 rats: Breath 65.8 ± *>.3£> feces 7.8 ± 2.0$,  urine 2.2 ± 

1.3^/ carcass 11.7 * 1»5^» Feeding hanlcellulose causes the blood 

pentose level to rise. Diis Is under further Investigation. The 

digestion of a so-called cellulose of the caana plant has been Inves- 

tigated. The Clb excretion pattern shown by 5 rats: Breath 57«5 * 

33.056, feces 27.9 * 22.1^, urine 2.7 * 1.9& carcass 15.6 ± 2.^. 

The material appeared to be a hemlcellulose rather than a cellulose. 

However, an amlno acid analysis shewed the product to be rich In 

amlno acids. The efficacy of an enzyme preparation, Cellase 1000, 

to cause enhanced cellulose digestion has been Investigated In the 

rat. Although the enzyme rapidly degrades cellulose In certain In 

vitro systems. It does not cause enhanced cellulose digestion. 

Ar/' 
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Project No. 63^9-26-001 BASIC RESEARCH IH LIFB SCIBiCBS 

Task. So. £2 BloehemlBtry 

Sutvtask Ho. 2-9 MybabaUaa m£ Callulose "by the Honaal Honrumlnaatj 
the Rftt 

Study Has. 3»5 Digestion of Oanna Leaf Cellulose; 
The Digestion of Tohacco Hemlcellulose 

Description: 

To study the digestion of cellulose and related plant poly- 

saecharldes "by the nonrumlnant. The digestibility data vould he useful 

In moving up the wnlmal species series to the human, the terminal 

wnlmal In the esqserlmental series. The data vould also facilitate 

the prediction of the possibility of making the human 0.1. micro- 

population more cellulolytlc. 

Progress: 

Further studies have shown that tobacco hemlcellulose Is more 

completely digested by the rat than Is tobacco cellulose. The C1* 

excretion pattern obtained with 15 rats fed tobacco hemlcellulose: 

Breath 65.8 1 5.3^, feces 7.8 ± 2.0$, urine 2.2 ± 1.30; carcass 11.7 * 

1.50» This excretion pattern Is In contrast to that seen «hen 

tobacco cellulose Is fed. The excretion pattern shown by 15 rats 

«hen this material «as fed: Breath 23.5 ± 5.1$,  feces 57*6 ± 12.10, 

urine 0.8 1 0.50, carcass 5*6 ± 5*20. A surprising and regular 

observation «as that C^OQ eaqplratlon commenced within one hour after 

feeding hemlcellulose, «hlle «hen tobacco cellulose Is fed, such does 

not occur until the material reaches the eecum (6-8 hours after 
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StA*task No. 2-9» Study Nos. 3^5 

feeding). Thus, It appears that hemlcellulose of the tolbacco piLsuat 

is digested higher In the G.I* tract than Is tdbacco cellulose. 

Feeding 50 ng of hemlcellulose also caused the pentose content of 

the rat's blood to double. This Is uaier further Investigation.. 

The digestion of another cellulose product, a so-called 

"cellulose" of the canna plant, «as studied for conparleon. This 

material gave a Cllf excretion pattern similar to that seen tihen 

tobacco hemlcellulose vas fed: Breath 65.5 ± 33*0^, faces 27.9 ± 22.1^, 

urine 2.7 * l'9f>>  carcass 15.6 ± 2.4^. It was thought that the 

material vas a hemlcellulose. However, upon submitting the material 

to amino acid analysis. It proved to have a lOjt protein content made 

up by a fairly conplete ccngplement of amino acids. It vas decided 

that it vas neither a cellulose nor a hemlcellulose, but merely a 

crude plant material rich in amino acids. 

An enzyme preparation, Cellase 1000, vhlch is reputed to have 

cellulose degrading properties in certain in vitro systems, vas ob- 

tained for testing from the Wallersteln laboratories. The material 

vas tested to see if it would cause enhanced cellulose digestion in 

the rat. The eaqperlmental animals were fed cellulose and then 

Cellase 1000 at various levels. Cellulose digestion vas measured as 

usual. In no case vas cellulose digestion enhanced by Cellase 1000. 

It seems unlikely the enzyme would pass through the stomach and 

remain in an active state, so it Is only reasonable that cellulose 

digestion vould not be enhanced. 
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Sub-task No. 2-9,  Study Nos. 3,5 

Sunmazy and Gocclusians: 

The digestion of hemloelluloss has Tamm Investigated. Heml- 

«ellulose appears to "be digested more rapidly and more conpletely 

than cellulose. The digestion of a so-called "cellulose" of the 

canna plant vas Investigated. It -was found not to he a cellulose 

hut some other plant product rich In amlno acids. The efficacy of 

an enzyme preparation, Cellaee 1000, to cause enhanced cellulose 

digestion has "been Investigated In the rat. Cellase 1000 did not 

enhance cellulose digestion. 

List of Publications: 

1. Johnson, R. Bemal and E. Juknewlcz. Haalcellulose digestion 

In the rat. Fed. Proc. 21: 239, 1962. 
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Uhclasslfled • 

The procedure for synthesizing a radioactive vitamin D 

has been vorked out. The problem of attaining a very high 

specific activity has Impeded the canpletlon of this project. 

It has been our aim to achieve a large population of yeast 

cells low In ergosterol content vhl^h would synthesize 

. ergosterol de novo vhen placed In a suitable medium con- 

taining the radioactive tracer. Our findings Indicate that 

cells low In ergosterol eure high In squalene and vice versa. 

New work reported In the literature offers hope that cells 

low In squalene and low In ergosterol may be grown. Work 

In this area will be reactivated to determine whether the 

reported procedures are applicable to our problem. 
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Study N». 1 The Synthesis of a Radioactive Vitamin D 

Description; 

To synthesize a C3-^-labeled vitamin D vlth a very high specific 

activity. Vlth such a cotupound, ve propose to study its metabolism 

and the mechanisms Involved in the calcification of rachitic bone. 
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Progress: 

Ibis phase has been inactive during* the past year. 

Summary and Conclusions: 

The synthesis of a radioactive vitamin D appears feasible. The 

infoznatlon vhich can be obtained by this means, and by no other 

means at the present time, Justifies continuation of the work. 

List of Publicatians: 

Noae. 
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Uhclasslfled 

Beryllium rickets differ from vitamin D-deficlency 

rickets In that: (l) Bones tram beryllium-fed —Jatf a do 

not calcify vhen vitamin D is administered, except in ex- 

tremely high doses; (2) the blood phosphorus levels of these 

animals are extremely low; (3) the bones fail to calcify 

under In vitro conditions vhen placed in calcifying solutions. 

These effects have been attributed to the deficiency of 

phosphorus leading to a deficiency of hydroxyapatite, the 

hone salt. 

Methods have presently been developed vhich readily 

reproduce these effects. These methods will new be employed 

in an attempt to elucidate biochemical mechanisms involved 

in beryllium rickets. 
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Task Wou 02 Biochemistry 

Sub-tasit Ho. &-10 The Biochemistry of Oalclum and Rioaphorus IfetsboUam 

Study No. 2   Factors Affecting the In vitro Calci- 
fication of Rachltlc Cartilage 

Description: 

To elucidate mechanisms Involved In the calcification of hone. 

Progress: 

A synthetic diet has been fonnulated vhlch provides *rtimm-\ a 

with rickets of xmlform severity. In testing our methodology, our 

results concur with published vozic, namely, that hones from berylliu»- 

fed animal B do not calcify In vitro unless they are first lamiersed In 

a solution of calcium chloride and then placed in the calcifying 

solution. The blood phosphorus levels of animala on a low-phosphorus 

diet are comparable to those of anlmalB on low phosphorus diet to 

which beryllium has been added. Attempts to define the sites of 

beryllium deposition In bone by use of the (oc ,»^) reaction, using 

photographic emulsions for visualization, hare not been successful. 

The materials used to prevent the passage of ci-particles attenuate 

the particles but do not stop them coiqpletely. Radioactive beryllium 

appears to offer a solution to the problem of deposition sites. 

Summary and Conclusions: 

None at this stage of the investigation. 

List of Publications: 

None. 
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Ifticlasslfled 

It hoc been found possible to remove 855t of the 

N'-methylnlcotlnainlde from thlamlne solutions, and 

thereby eliminate It as a significant Interfering 

factor In the assay of thlamlne. Further study has 

failed to reveal practical methods for more complete 

removal of N'-methylnlcotlnamlde, but Its complete 

removal has bean found unnecessary for reliable thlamlne 

analyses. 

Jff 



I 
I 

1 

I 
f 

i 

I 

i 

I 

I 

I 

i: 
r 
! 

I 
i 

BODY OF REPORT 

Project No. 6X99-a6-001 BASIC RBSBARCH JS LIFE SdEWCES 

Hask Ho. 02 Bloehemistry 

Sub-task No. 2-26 TTilwnLne Ifetabolism 

Study No. 2 The Chronjatographic Separation of 
N'-methylnlcotlaamlde and Ihlamlne 

Description: 

The separation of N'-nethylnlcotlnamlde from thlaalne-containing 

solutions would result In Increasing the validity of the chemical 

assay for thlamlne. It was Intended that N'-methylnlcotlnaalde may 

"be ^.separated from thlamlne either hy Chromatographie means or "by 

solubility differences In combinations of solvents. 

Progress: 

By Chromatographie means. It has been found possible to separate 

N'-methylnlc^tlnamlde from thlamlne to the extent that It does not 

Interfere with the cheml'.jal assay for the vitamin. By the use of 

tracer techniques,. It was establl&ed that the amount removed was of 

the Older of 85^. Further efforts to Improve the degree of separation 

have not "been successful. However, the remaining 155^ of N'-methyl- 

nlcotlnamlde does sot cause signifikant Interference In the assay for 

thlamlne. Therefore, It has not "heso. deemed worthwhile to continue 

this study and it will be discontinued. 

Summary and Conclußioas: 

Thlamlne-containing solutions, such as urine, may now be 

A9P 
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Sub-task No, 2-26, Study Mb. 2 

assayed by chemloal means without sigßiflaant Intsrfereaee tram 

If'-methylnlaotlnainlde.    This lias been aescimtplishei "by the «hrofflat- 

ographlc removal of 85^ of the N'-methylnlcotlnamlde, 

List of Publications; 

None 
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Sub-task No. 2-26, Study No, 2 

assayed by chemical means without slgnlfiaant interfereaee tram 

N'-methylnlsotlnamide.    This has "been accoraplishei "by the chrcanat- 

ographic removal of 85^ of the N'-methylnlcotlnamide. 

List of Publications: 

None 
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An attempt is being made to develop a satisfactory 

procedure for hemolyztng avian erythroeytes such that the 

red blood cell transketolase activity measurement nay be 

eozalusted as to    its sensitivity as an index of thiamlne 

deficiency in the chick. 
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Task No. 02 BloehemlBtiy 

Sub-task No. 2-26 Th1.am1.ne Meta'bollam 

Study No. 3 Hie Use of the Kansketolase Bxzyme 
System as a Criterion of Thlamlne 
Adequacy In the Chick 

Description: 

A study of biochemical Indices of thlamlne deficiency In the 

experimental animal - specifically. In this sub-task, an attempt to 

adapt the measurement of red blood cell transketolase In chicks. 

Progress: 

Red cell transketolase activity appears to be a sensitive measure 

of thlamlne adequacy. In attempts to determine the activity of this 

enzyme In chicken erythrocytes, difficulties were encountered In 

obtaining a satisfactory hemolysate. When vater «as added and the 

cells ruptured by freezing, a gelatinous precipitate fomed. The 

reason for this Is not evident, but may very likely be related to the 

fact that the chick has a nucleated red cell. Work will be carried 

out in an attempt to find a satisfactory procedure of hemolyslng 

avlan erythrocytes such that a homogeneous hemolysate can be obtained. 

Summary and Conclusions: 

None at this stage of Investigation. 

List of Publications: 

None. 
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Ubdassified 

While isonlazld has proven to be effective in tuberculosis 

therapy, nothing is Ipiown regarding the mechanisms through vhich 

this effect is mediated. From the structural similarity between 

isonicotinic acid hydrazide and nicotlnamlde, it would appear possible 

to incorporate the former compound into DFN in place of nicotlnamlde, 

the nozual constituent. This would render the DFN ineffective as a 

coenzyme, and thus interfere in normal intermediary metabolism. 

Paper and column chromatography methods have been attempted for 

Isolation of DFN, DPMH, TPN and TPNH from tubercle bacilli without 

success, nor could the presence of these coenzymes be demonstrated 

by conventional methods of enzyme assay. Hewer methods of handling 

the celflse are being tried to avoid degradation of the nudeotides 

which must be present in the cells. 
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Project No. 6X99-26-001 BASIC RESEARCH IK LIFE SCIMCES 

Tlask No. 02 Biochemistry 

Sub-task No. 2-27 gMj Biochemical Basis for the Ghemotherapeutlo 
Action of Isonlazld   '" ~   ~~" 

Study No. 1 Incorporation, of Isonlazld Into the 
DPN of Ifycobeuiterlum Tuberculosis 

Description: 

To detexmlne the 'biochemical basis for the chemotherapeutic 

action of Isonlazld. This study would investigate the effect of the 

drug on the ttycohacterium tuberculosis. 

Progress: 

Conventional methods have "been applied for the Isolation of DPN, 

KraiH, TPN and TFNH frcm the tubercle bacilli. We have not been able 

to demonstrate the presence of these coenzymes In any of our prepar- 

ations by the use of paper or column chromatography or by enzyme 

assays. Since these co-factors must be presumed to be present in 

these cells, it would appear that the nucleotldes are being degraded 

or otherwise lost by our method of handling. Newer techniques are 

being applied. 

Summary and Conclusions: 

None at this stage of the Investigation. 

List of Publications: 

None. 
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Studies vith the veanllng male rat have shown that 

high Intakes of Inorganic phosphorus will significantly 

reduce the apparent absorption of magnesium, presumably 

through the formation of an insoluble complex since fecal 

phosphorus is also slightly elevated. This effect is not 

evident, however, when the dietary magnesium is limiting 

and added principally in an organic combination rather than 

as the inorganic salt. High levels of inorganic phosphorus 

promote deposition of calcium in the kidney, but this is 

opposed by simultaneous elevation of the dietary magnesium. 

Calcium and magnesium excretion in the urine is enhanced 

by a low intake of phosphorus. 
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Kroject No. 6X99-26-001    BASIC RESEARCH IN LIFE SCIffltCES 

Task No. 02 Biochemistry 

Sub-task No. 8-28 Studies on Mineral MetaTiollan and Ihtaractlons 

Study No. 1 übe Effect of Variations In the Level 
of Dietary Phosphorus on Magnesium 
Balance In the Albino Bat 

Description: 

The purpose of this study vas to determine the effect of 

variations In the dietary phosphorus:magnesium ratio on the "balance 

of calcium, phosphorus and magnesium In the veanllng male albino rat. 

Progress: 

108 veanllng rats were divided into 9 lots and fed either 0.3, 

0.5 or I.056 phosphorus at each of three levels of magnesium; 130, 

260 or 1000 ppm. After a S-week period, total fecal and urine col- 

lections were made for Ik days. Analysis of the former revealed that 

the highest level of phosphorus significantly increased the magnesium 

content of the feces at the two higher levels of magnesium Intake, 

but not at the lowest level. Similarly, there was a decreased 

apparent absorption of phosphorus with the highest intake of magnesium 

when phosphorus was fed at the l.Ojfc level, but not at the lower levels 

of phosphorus intake. No effect of either phosphorus or magnesium 

cm fecal calcium was observed at any level of Intake. 

The lowest level of dietary phosphorus increased the amount of 

urinary calcium and magnesium by approximately eight-fold and two- 

fold, respectively. Calcium eaocretlon was also enhanced by the 
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Sub-task No, 2-28, Study No. 1 

highest magnesium intake. Urinary phosphorus, oa the other hand, 

was not affected "by the changes in calcium aad magnesium, hut varied 

between 1 and hyfi of the total phosphorus intake reflecting the 

extraordinary capacity of the kidney for removal of excess phosphorus. 

The kidneys were analyzed at the end of the experiment for total 

calcium, phosphorus and magnesium. In agreement with reports by other 

labs, no loss of magnesium from the kidney could be demonstrated 

chemically. Accumulation of both calcium and phosphorus in the kidney 

was associated with either a low intake of magnesium or a high Intake 

of phosphorus.  A more than additive deposition occurred with combin- 

ations of low magnesium and high phosphorus. This accumulation 

appeared upon histopathologic examination to begin as urolithlasls. 

Nephrocalcinosis was also present; however, in the more severe cases. 

Summary and Conclusions: 

The interactira of phosphorus and magnesium on the apparent 

absorption of b- th of these elements may be explained by postulating 

the formation of a highly insoluble complex when bo&h are present in 

the gastrointestinal tract principally as the inorganic salts. An 

alternative explanatixi, however, could be an increase in the 

excretion of one via the fecal route when the other is present in 

excess, an effect which might be limited by the amount of available 

body stores. The use of radioactive isotopes to answer this question 

is contemplated if sufficient time and personnel are available. 
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Sub-task No. 2-28, Study No. 1 

The results of this experiment conclusively demonstrate that a 

high Intake of phosphorus promotes pathological deposition of calcium 

In the collecting tubules of the rat kidney ■while at the same time 

markedly reducing calclurla. It Is also evident that magnesium 

retards this deposition. An understanding of the mechanisms Involved 

In these changes would be of great value In the study of the etiology 

of human kidney stone disease. 

List of Publications: 

1. Bunco, G. E., P. 6. Reeves, T. S. Oba and H. E. Säuberlich, 

übe effect of dietary phosphorus and magnesium on calcium, phosphorus 

and magnesium balance and kidney calcium deposition In the rat. 

(In preparation} 
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Unclassified 

Since the netabolic defects responsible for the lesions 

of sine deficiency are largely unknown, this study «as initiated 

to Investigate the relationship of zinc to carbohydrate aetab- 

olism in general, with particular emphasis on the possible 

interactions with thiamine. 

Although no effect of a marginal zinc intake on the expir- 

ation of C O2 could be detected following administration of 

C1 labeled glucose, it did appear that synthesis of the B^ 

dependent enzyme transketolase was reduced. This possibility 

will be studied further. 

No evidence was found of a sparing effect of thiamine on 

zinc deficiency nor of zinc on thiamine deficiency. 
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Task No. O^ BlocheiiilBtry 

Sub-task No. 2-28 Studies on RLneral Metabollsn ana Interactions 

(Study No. 2 Carbohydrate Metabolism In the Zinc 
Deficient Rat) 

Description: • 

.   The purpose of this study Is to investigate the carbohydrate 

metabolism of the zinc deficient rat as a means of determining more 

specifically the role and requirement of this mineral. Specific 

attention will be paid to a postulated Interaction betveen zinc 

and thlamlne. 

Progress: 

Diets lov In either zinc or thlamjne or both «ere fed to 

weanling male rats for six weeks at vhlch time total weight 

vas significantly depressed in the low zinc and low thlamlne 

groups as compared to the supplemented control lot. The dually 

deficient animals showed depressed weight gains approximately 

equal to the sum of the depressions noted in the singly deficient 

lots. No sparing effect of either nutrient upon the other «as 

noted. 

No difference in rate or total excretion of C1^02 vas found 

following administration of C1^" labeled glucose. Red cell trans- 

ketolase activity «as reduced in all groups «faich received low 
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Sub-task 2-28, Study No. 2 

intakes of Bj. Restoration of enzyme activity following addition 

of thlamlne pyrophosphate to the reaction tubes was not optimal, 

however, -when the zinc Intake was marginal Indicating a possible 

deficiency of enzyme. 

Studies of the effect of low zinc Intake on the capacity 

of liver homogenates to oxidize pyruvate are planned but have not 

yet been completed. 

Summary and Conclusions: 

The possibility that transketolase synthesis is reduced with 

a low zinc Intake deserves further attention particularly in 

view of the fact that the red cell transketolase assay is being 

studied as an indicator of B^ adequacy in human populations in 

Southeast Asia, an area where zinc intake has been reported to be 

low. 

List of Publications: 
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Dietary studies with both the chick and the rat have 

Indicated an Increased requirement for magnesium In these 

species following elevation of the dietary protein. Balance 

studies In the rat, however, did not show a decreased re- 

tention of this mineral as a consequence of the higher Intakes 

of protein. It was therefore concluded that the Increased 

requirement reflected a vital though perhaps Indirect role 

of magnesium In protein metabolism. Support of this con- 

tention was provided by the finding that total serum protein 

was depressed and certain urinary amlno acids were elevated 

when the magnesium level was adequate. The concentration of 

magnesium In the liver, a vital organ for protein metabolism, 

was also found to be greatly diminished In the rats fed the 

lower magnesium Intakes. 
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Project No. 6X99-26-001 BASIC RBSEARCH IN LIFE SCIEHCES 

Task No. 0^ Biochemistry 

Sub-task No. 2-28 Studies on Mineral Metabolism and Interactions 

(Study No. 3 Ihe Effect of the Level of Dietary- 
Protein on the Magnesium Requirement) 

Description: 

The purpose of this study Is to Investigate the postulated 

relationship between the level of dietary protein and. the mag- 

nesium requirement. Particular attention is to be paid to the role 

of magnesium in protein and amino acid metabolism. 

Progress: 

In the first experiment, it vas shown that the mortality rate 

of chicks fed 100 ppm of magnesium «as doubled by elevation of the 

dietary protein from 2k to 36$.    At a level of 600 ppm, there vas 

no difference in the weight gain or appearance of the groups fed 

either 2k or 36^ protein. When the dietary protein was lowered to 

12$, growth of the chicks fed either 100 or 600 ppm was equal, but 

inferior to that obtained at the highest intake of magnesium and 

2k or 36% protein. 

In a second experiment, male weanling rats were fed either 

12 or 36^ protein at three levels of magnesium: 100, 200 or 600 

ppm. At the 100 ppm level, weight gain, although subnormal in both 

groups, was significantly reduced in the rats fed the hi^ier level 
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Sub-task 2-28, Study No.®3 

of protein and the rate of appearance of the hypereznia characteristic 

of magnesium deficiency vas greatly accelerated In this group. Weight 

gain vas significantly better In the high protein fed lots at either 

200 or 600 ppm magnesium but there vas no difference in gain betveen 

the tvo mineral concentrations at a given protein level. Hyperemia 

vas evident in 6 of 8 animals in the 200 ppm magnesium, 36$ protein 

lot although this amount is generally considered adequate at lover 

levels of dietary protein. Balance studies did not reveal any 

statistical reduction in magnesium apparent absoxption or retention 

as the dietary protein vas increased at any given level of magnesium 

fed. 

A role of magnesium in protein metabolism seemed to be suggested 

by these results. This vas supported by the finding that serum protein 

values vere lover in the rats fed the lowest level of magnesium and 

the highest level of protein and in the observation of a 505t reduction 

in the urinary excretion of certain amino acids in the rats consuming 

125t protein and 600 ppm magnsslum as opposed to the values found vith 

12^ protein and lower intakäs of magnesium. 

The importance of the liver in protein metabolism prompted the 

determination of the magnesium content of this organ. The average 

magnesium content of the livers of the rats fed the tvo lower levels 

of this mineral ana either level of protein vere found to be signif- 

icantly depressed by approximately 50 and 25^ respectively from the 

values found at 600 ppm of magnesium. The metabolic significance of 
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Sub-task 2-28 Wo. 3 

this reduced level of tissue magoeslum vlll be Investigated in sub- 

sequent ejcperiments. 

Summary and Conclusions: 

It seems reasonable to conclude that an increase in dietary 

protein elevates the requirement for magnesium. Since balance studies 

do not give evidence of decreased retention of magnesium «hen the 

protein is elevated, a vital role cf this mineral in protein and 

amino acid metabolism is indicated. Results of determinations of 

total serum proteins and the urinary excretion of amino acids support 

this thesis. The magnesium content of the liver has been shown to be 

significantly depressed under conditions where magnesium intake vas 

slightly submarginal or marginal. 

List of Publications: 

1. Bunce, G. E., P. G. Reeves. T. S. Oba and H. E. Säuberlich. 

Dietary protein and the magnesium requirement (in preparation). 
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Ibolassified 

Zinc has heen found to be present in 'biological 

material in amounts considerably greater than any of 

the other trace elements, yet information concerning 

its metabolism is meager.    The relatively recent dis- 

covery of zinc in several highly purified enzymes has 

revealed the diversity of its role in metabolism.    This 

vide body distribution iu many cell types suggests its 

potential importance in Bammallan biochemical pathology. 

The interrelationship of zinc with other trace 

elements, initially molybdenum and copper, will be 

studied by observing the distribution of an intra- 

peritoneal injection of radioactive zinc (Zn-65) in 
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2-28, Abstract, Cont'd 

rats which have been fed diets containing varying levels 

of these three trace elements. The animals «ill then be 

sacrificed and the distribution and quantities of both 

total and radioactive zinc in various tissues will be analyzed. 
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Sob-task Ho. 2-28   Studies on Mineral lbta3)ollsiB and 
Jjiteiwrtlons 

Study No,  6    The Effect of Dietaiy Copper, 
Jlolybctentun, and Zinc on the Distribution 
of Za-63 in the Maomalian System 

Description t 

The distribution of zinc is important as a possible 

etiological agent in metabolic disease and it is possible 

that itsadeviation of location (e.g. urine level, blood 

level) may be used as a diagnostic tool to ascertain other 

specific disease entities.    It is known that utilization of 

a given mineral nutrient may be profoundly influenced, even 

to a disease state, by other mineral constituents in the 

diet.    Fnrthenaore, a knowledge of the interrelationships 

among various nutrients in a diet is essential for an under- 

standing of their quantitative requirements for the body. 

Ulis study is designed to observe the interrelation- 

ships among three trace metals| copper, molybdenum, and zinc, 

and to note how these different elements and. their combina- 

tions affect the distribution and excretion of radioactive 

zinc in the mammalian system.    Such studies axe basic to an 

understanding of the mechanism of zinc utilization, may 

demonstrate a specific dietary zinc antagonist, and possibly 

give a clue to metabolic abnormalities which at the present 

time have an unknown etiology. 
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Progress« 

Bats are presently being fed the respective experimental 

diets in vhioh there are varying levels of copper, molybdenum, 

and zinc.    Zn-65 injections have not yet been made to ascertain 

the distribution in these animals under the various dietary 

conditions, but are planned. 

Conclusions t 

None at this stage of the investigation« 

List of Publicationss 

None. 
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Eie activity of serüatt gluteunlc-oxaloeusetlc and 

glutamlc pyruvle tranaamiiiaaes was found to be diminished 

In rats and chicks fed a pyridoxlne deficient diet. How- 

ever, the addition of sub-optimal levels of dietary 

pyridoxlne, as Judge! "by body weight gains, did not show 

any depression in t'i:e  activity of either enzyme. It is 

felt that these enzynts lack the sensitivity required 

for their employment as a criterion of the pyridoxlne 

status of rats and chi^ke. 
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Project HO. 6X99-26-001 BASIC RESEARCH IN LIFE SCIEWCES 

Task No. 0^ Bloahemlstry 

Sub-task No. 2-29 Pyrldoxins Matabollsm 

(Study Nos. 1,2^3 The Influence of Pyrldoxine 
Deficiency on Serum and Tissue Enzymes) 

Description: 

A study of transamlnase enzyme assays to assess their sensitivity 

and usefulness as a criterion of the pyrldoxine status of experimental 

animals. 

Progress: 

The activity of two serum transamlnase s, glutamic-oxaloacetic 

and glutamic pyruvlc transaminases, vas determined in chicks and 

rats fed diets containing varying levels of pyrldoxine. A differ- 

ence could be detected in tha enzyme activity of animals fed a 

pyrldoxine deficient or supplemented diet. However, no differences 

were observed in the transaminaeci activity of animals fed different 

levels of pyrldoxine. 

It is felt that the methods employed for this study were not 

sensitive enough, to allow for accurate determination of the differ- 

ences which may have existed between the groups of animals given the 

varying levels of pyridcadns. Other procedures will be studied to 

determine the feasibility of employing serum transamlnase activity 

as a criterion of pyrldoxine status of individuals. 
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Sub-task No. 2-29, Study Nos. 1,2,3 

Summary and Conclusions: 

Ssrunt glut ami«-oxaloasetic and glutaasic^pyruvic transsuninases 

have been shovn to lack sensitivity as a criterion of pyridoxiae 

status of experimental animals. 

Publications: 

None at this state of the investigation. 
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üaclaasified 

The development of instrumentation «id procedures 

for continuous analysis of expired gas from an ml mal 

which has been given a tracer dose of labeled amino 

add. is complete.    These techniques are now being 

used to obtain information regarding the metabolism of 

14 14 Olycine-1-C      and Glycine-2-C      in dogs, as veil as 

other nutrients and metabolities. 
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Project IToo   6X99-26-001    BASIC HB^ARCH DT IÄ.FB SdEffCES 

Task Nbo  09    Physiology 

Sub-task TSfoo 5-9   Excha^^a Hate of Doubly labeled Olrclne 

Study Dto.  1    Instrumentation and Method 
Bevslopnent 

Descriptions 
a 

Instrumentation and methods of analysis have been 

developed to determine the in vivo rate of decarbojQrlation 

of amino acids in normal dogs «hose metabolic pathways have 

been altered by various ezperimental procedures. 

Progress t 

Instrumentation and techniques for continuously recording 

the evolution of C ^Op from a conscious dog have been developed« 

A "Radioactive-Gas Analyzer1* was used«    Tbla instrument in- 

oorporates a vibrating reed electrometer ionizatioii chamber, 

a C02 analyzer, a dry gas meter, and a six channel recorder* 

A dog mask was fabricated for the collection of «spired air 

from the conscious dog»    To insure complete intravenous infusion 

of the administered labeled compounds a semi-permanent Silastic 

catheter was placed in the dog's Jugular.    With the recorded 

data obtained by these methods we are now able to evaluate 

the oxLdative metabolism of labeled compounds in vivo and 

observe changes in both transient phases and the steady state 

utilization in various physiologic and pathologic conditions. 
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Summary and. Conclusions 8 

These techniques have been sucoessfully used in experiments 

using C'^ labeled glycine, glucose, lysine, vitamins K and C, 

and mevalonic acid in rats, dogs, and humanse Results from 

these experiments have been or will he reported under the 

particular biological studies for which the instrumentation 

and methods are usecU Major instrumentation research and 

development has been coop let ed and this phase of the study is 

now terminated« 

List of Publications8 

1. Nims, Robert Ho, and Worth, William S» Fabrication of a 

Canine Respiratory Head. Mask« J, Applied Physiol» 

16« 1139, Wovo 1961« 

2. Worth, William So, and Tolbert, Burt M« Method of 

Calculating Data from the "Radioactive Gas Analyzer", 

Report to be written« 
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nie metabolism of glyoine-1-C'^ in panoreatectondzed 

animals «as studied.    Animals maintained on Insulin con- 

verted a significantly higher percentage of administered 

32. glycine-1-C14 to C1402. 
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Dasorlptiont 

Excessive loss of protein because of decreased anabolisn 

and Increased oatabolism Is a major deleterious effect of 

diabetes mellltus.    It Is apparent that glucose metabolism Is 

Intimately associated with the metabolism of protein.    These 

studies were designed to investigate the effect of glucose 

metabolism on the oatabolism of amino adds* 

Progresst 

The radioactive gas analyzer previously described was 

employed to measure the production of 0 ^0« from glyolne-1-C 4 

in surgically pancreatectomized dogs» Glycine-1-C  was ad- 

ministered rapidly as a single intravenous dose in five to ten 

microcurle quantities.  The rate of C'^CL evolution in the 

expired air was maximal in approximately twenty minutes. In 

animals receiving insulin an average of 18^ of the Injected 

radioactivity was recovered as C'^Og within the first hour. 

Whan Insulin was withheld (usually for three days prior to the 

experiment) an average of only 11^ of the label was recovered 

as C1402. 
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Summaiy and Conclusions: 

These studies appear to damonstrat 8 a deoreased oxidatlve 

metabolism of glyoine vib.en glucose utilization is decreased in 

the diabetic clog. 

list of Publications* 

None. 
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Methods previously developed in this laboratory 

have been utilized to extend body volume measurements to 

additional subjects and to relate these measurements to 

other physiologioal observations.    Additional data is 

needed to statistically validate the results,    A small 

sized volumeter to aocomodate children approximately one 

meter tall has been constructed.    Diurnal production of 

abdominal gases was investigated in the water displacement 

volumeter in an attempt to derive predicting equations for 

estimating intestinal gas volumes. 

I 

I 
I 

SS0 



I 
! 

i 
i 

BODT OF BEPOBT 
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Sub-task Ho, 5-24.   ronotlonal Aspects of Body Coaposltlon 

Descriptions 

Body oonposltion studios are essential in a variety of 

disciplines. Methodology is oomplei. A simple device, the 

«ater displacement body volumeter, developed and in use at this 

laboratory, has been used effectively under a variety of con- 

ditions« Body fat and fat free body weight can easily be 

computed from measurement of total body tissue volume. During 

the past year efforts have been made to extend observations to 

a more varied population, to obtain data in support of other 

projects currently in progress, and to relate volumeter data 

to other physiological parameters. Purther refinement of 

technique required a study of the contributions of abdominal 

gas to body volume. 

Progress» 

Body volumes and «eights of twenty men over 50 years of 

age «ere made during the past year, adding to the accumulated 

data on relation of body composition «ith age. Approximately 

seven 30 to 60 year olds and thirteen 60 to 70 year olds, 

plus «hatever number beyond 70 years of age might be avail- 

able are  still needed to make the data statistically reliable. 
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5-24, Progress,  Cont'd 

Of the boys 8 to 14 years of age previously measured it tms 

possible to re-measure six Individuals send-annually, and of 

the adult females proposed for study by Major Hazy Tkacik, £NC, 

a total of fifteen «omen vere finally measured in the body 

voltuetero   Bi^it girls ranging from 7 to 14 years of age vere 

also measured by Major ÜScaoik.    Future work will include 

aooumulation of data on older men, «falle data on more children 

and women is most desirable before a final report is to be 

submitted» 

The water displacement body volumeter was used to measure 

volume of the metabolic ward subjects    to gather ancillary 

data in two studies done primarily for other purposes.    One 

was designed to test the digestibility of ndoroorystalline 

cellulose and its effect upon digestibility of other macro- 

nutrients-.    The second tested the effect of periodicity of 

eating on intermediary metabolismo    In both Instances 24 hour 

urinary creatinine was determined daily in an effort to 

further refine the estimation of the lean body mass of these 

subjects.    In the latter study heavy water was also administered 

to estimate total body water.    In addition, sweat is to be 

collected and tested for creatinine and deuterium losses, If 

any, on the day of deuterium admlnlnstration.    Collection and 

calculation of data is still in progress at the time of this 

writing. 
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5-249  Progress, Cont'd 

The plastic chamber following body conformation previously 

built in order to permit measurement of body volume by gas 

dilution (thus avoiding immersion under water which is not 

applicable to sick patients) has received further study* Bow- 

ever, efforts to measure accurately the volume of the eapty 

plastiu chamber «using argon have failed due to the inability 

of the mass spectrometer to repeatedly analyze for argon with 

less than loO^ erroro The system is not to be discarded since 

the plastic chamber is smaller than existing chambers and 

therefore potentially more accurate, and it is also designed 

to accomodate side patients with minimal inconveniencco 

Instrumentation and methods for achieving the desired accuracy 

with the gas dilution voltmeter aze currently being evaluated« 

Diurnal variations in abdominal gas contributions to body 

volume were measured in several subject So The effects of the 

Ingestion of food and liquids and of flatus were noted,, 

Mathematical calculation of these results is still under way. 

It is anticipated that equations for the prediction of 

abdominal gas will be derived^ 

and Conclusionss 

dynamic aspects of body composition are being developed 

and methods are being perfected which make it easy to quantify 

body fat burden, size of the fat-free body, assessment of 

edema through partial body volume measurements, physical 

3'33 
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5-24, Sunmaiy and ConolixsionB, Cont'd 

profiolenqjr, and otb«r interrelated indloes, aooh aa 24 hottr 

xaiaaxy oreatlnine and body water meaaurementa by isotope 

dilution* 

List of Pablioationa t 

Hone at this state of the investigation.    Some additional 

sobjeots need to be studied before oonolusions and a final 

report oan be Bade. 
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A total of thirty-two dogs were operated in 

an attempt to produce either a right to left central 

vascular shunt (29 animals) or a peripheral arterio- 

venous fistulas (3 animals), nils was done as a 

preliminary stage to investigate the pathogenesis 

«ndpathophysiology of hypertrophic pulmonary osteo- 

arthropathy. In 29 dogs with central vascular shunts, 

only 4 were patent for significant periods of time 

(7 to 21 months). These 4 soooeesfally produced 

shunts (of 30-40^) were all in the group of 13 dogs 

in which 3/4" internal diameter crinped Teflon 

vascular prosthesis was used between the pulmonary 

artery and the left atrium. Although arterial oxygen 

saturation was significantly reduced there was no 

success in producing osteoarthropathy. One of the 

2 dogs with persistent arterio—venous fistulas Showed 
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5-25» Abstract (Cont'd) 

a thiokened bone cortex radlographically and one 

small area of periostea! elevation. These changes 

vere not visible grossly at necropsy. 
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Srojeot No.  6X99-26-001    BASIC HBSEÄRCH HT LOB SCIHTCBS 

Task No.  09    Physiology 

Sub-taek No. 5-25    Hypertrophie Pulmonary Osteoarthropathy 

Sesczription: 

An investigation of the pathogenesis and pathophysiology 

of ^vnertrophio pulmonaxy osteoarthropathy by producing a large 

right to left central vascular shunt  (main pulmonary artery to 

left atrium).    Tble will attempt to duplioate a classic 

experiment by Mendlowitz and Lester in 1941*    3hqy demonstrated 

periosteal elevation with patchy calcifications on the radius 

and ulna of one dog eight months after producing a central 

shunt of 49^. 

Progresst 

Various methods of producing right to left central 

vascular shunts were investigated. In a series of nine 

animals, the left auricular appendage was anastomosed to the 

main pulmonary artery. None of these shunts remained patent. 

In another series, using five dogs, an attempt was made 

to anastomose the inferior vena cava to the left atrium» None 

of the animals survived the surgexy. 

With fifteen dogs a crimped Teflon vascular prosthesis, 

3/4N internal diameter, was used to produce a shunt from the 

main pulmonary artery to the left atrium. This procedure 

produced the only successful shunts. However, only four 

of the dogs maintained a patent shunt for any sigiifioant 

period of time (seven, thirteen, thirteen and twenty-one months). 
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5-25, Progress (Cont'd) 

A series of three dogs had arterio-venous shunts between 

the femoral artexy and vein, high on the left hind leg*    Two 

of these had patent shunts for periods of twenty-seven months. 

The other shunt closed shortly after surgery. 

These animals were followed by monthly x-rays of the chest 

and extremities, as well as periodic arterial oaygen satura- 

tion determinationso    If indicated, the shunts were tested 

for patency by performing ri^xt heart angiography plus a modi- 

fied dye dilution cardiac output study.    If negative by these 

tests, a thoracotony was performed to directly observe the 

shunt. 

i 

! 

B 
1 

Summary and Conclusions* 

In twenty-nine dogs with central vascular shunts, only 

four were patent for significant periods of time. Hone of 

these demonstrated roentgenographic or gross necropsy evidence 

of periosteal elevation. Two animals of three had persistent 

arterio-venous fistulas. One of these had a thickened cortex 

and roentgenographically had one small area of periosteal 

proliferation. This could not be detected grossly at necropsy. 

The other showed no changes. 

The attempt to produce inferior vena cava to left atrium 

shunts was a failure. Of five dogs, none survived the 

surgery. 

In our experience, four dogs with central vascular shunts 

estimated at 30-40^ did not develop lesions associated with 

hypertrophic pulmonary osteoarthropathy althouth the shunts 

i_rv 



5-25» Summary and Conclusions (Cont'd) 

were functional for periods of seven, thirteen, thirteen 

and twenty-one months« 

Central right to left vascular shunts which significantly 

lowered the arterial oxygen saturation were net successful in 

producing eaperimental hypertrophio pulmonary osteoarthropathy. 

Zdst of Publications t 
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Uholassified 

A radiosensitive endogenous inhibitor of iodination 

has been demonstrated in sheep thyroid homogenates.    It 

has not been possible to demonstrate an effect of this 

inhibitor in vivo. 
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BODY OF BEPOET 

Project Ho.  6X99-26-001    BASIC HETSKAHCH IN LUST SCHZTGETS 

Task So, 09   Physiology 

Sub-taak BToo 5-27   Thyroid Iodine Metabollam 

Study ffo.  1    Regulation of Thyroid Bbnaone 
Synthesis 

Description s 

A dialyzable endogenous inhibitor of the formation of 

monoiodotyrosine in sheep thyroid homogenates has been shown 

to be radiosensitive.    This finding esplains a marked 

sensitivity to radiation in iodlnation experiments in sub- 

cellular thyroid preparations*    See last year's Annual Progress 

Heport. 

Progress t 

Attempts were made to extend these findings to the effect 

131 of I   on total iodide uptake in rats. No significant relation 

betveen uptake and dose «as found« 

Summary and Conclusions s 

A radiosensitive inhibitor of iodination in the thyroid 

was demonstrated in vitro but not in vivo. Data is currently 

being prepared for publication. 
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The properties of an in vitro deiodinating aysteo have 

been studied. In a liver hooogenate mwrlBal efficiency «as 

obtained at high dilution. The Bystem proved sensitive to 

stimulation by flavin adenine dinucleotide and possibly 

trlphosphopyrldine nuoleotlde. It was Inhibited by very lev 

concentrations of certain thyroxlne analogues and human serum« 

Methimazole «as inhibitory at higher concentrations. 
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BODT OF HBPOBT 

Project No,  6X99-26-001    BASIC BB3BARCH IN UFB SOTBNCSS 

Task No* 09   Ehysiology 

Sub-task Noa  5^-27 Thyroid lodlna.Metabolism 

Study No* 2   An In Vitro Tbyrorlne Deiodinating System 

Descriptions 

The degradation of tbyrozine is altered to a greater extent than is 

the protein bound iodide in myxedema and thyrotoiioosiso Conversely» a 

normal daily thyroxine degradation nay be associated with abnormal levels 

of plasma thyroxine binding proteins in euoetabollc patients despite 

elevated or depressed serum protein bound iodide. It appears^ thereforet 

that the degradation of thyroxine is more closely related to hormone action 

than is the absolute concentration in the blood. Although it is apparent 

that thyroxine degradation must occur in the tissues» the lack of in- 

formation regarding this deiodinating system has limited our concept of 

the regulation of thyroxine degradation to the factors measured in serum 

samples i concentration of the hormone and thyroxine binding capacity of 

the serum protein» The current studies have been undertaken to investigate 

the characteristics of the tissue thyroxine degrading system» 

Progress^ 

A rat liver homoganate in pH 7.4 trie buffer «as ucllizedo nie 

substrate «as B'S'I   labelled thyrosineo The system «as incubated at 

37° C for one hour» nie radioactive products «ere analyzed by paper 

chxomatography and scanned by an Integrating chromatogram scanner» In 

agreement «ith results obtained by other Investigators the products of 

131 incubation «ere 1 J    as iodide and an unidentified substance that remained 
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131 at the origin of the chromatographic strips. Bb other I   labelled 

compounds were obtained^ even In highly active homogenates» Increasing 

dilution of the'homogauate not only increased the efficiency of the 

system but increased total deiodination» The honogenate could also be 

stiumlated by heating to 100° C for 10 minutes and by overnight storage 

at 4° Co Dialysis and prolonged incubation at 37° C were inhibitory» 

The addition of flavin adenine dinucleotide was consistently 

stimulatory in the fresh homogenate and trlphosphopyridine nuoleotide 

seems to have a synergistic action? However^ the stimulation achieved 

by these coenzymes pas considerably less than that obtained by heating 

or storageo 

Percer.tile deiodlnation WEM readily Inhibited by increasing the 

concentration of thyroxLnec Tue  addition of non-radioactive triiodo- 

thyronlne was equally effective in decreasing the percentile deiodlnation 

of thyroxine.. Two dimensional ohromatography of homogenates incubated 

with inhibitory concentrations of t rile dot nyxonine did not reveal the 

aocumultaion of radioactive triiodothyronine, siiggesting that this is not 

an inter-mediate compound in the deiodlnation of thyroalnee Other 

iodinated ami.no acids have been tested for their ability to inhibit 

thyroxine delodinat ion-,  The iodinated tyro sines are without effects A 

number of tri- and tetraiodinated thyronine derivatives have been in- 

hibitory at ICH molar ratios to substrate thyroxine., Hethimazole was 

an effective inhibitor of deiodlnation« This effect occured at consider- 

ably higher concentrations than those at «hioh the thyroxine analogues 

were effectivoo : 
j 

As has been previously demonstrated by others, the addition of 

human serum is capable of inhibiting deiodlnationc The homogenate 

ßif 
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descxlbed here is aoctrOMlj aanaltlve to such inhlMtlono    A 1/2000 

dilution of serum effectively inhibits deiodinationo    This is apparent 

at concentrations of thyroxine greatly in eicess of those required to 

saturate the specific serum thyroxine binding proteins (thyroxine 

binding giooalin arid prealbtaidn).,    A similar effect can be demonstrated 

with serum albumin alonec 

Summary <; 

A liver bomogenate has boon «tudied as a model of the in vivo 

thyroxine delodtnating system.    It  appears to be heat  stabile and 

sensitive to  3timulatlon    by flavin adenine dlnucleotide and possibly 

by triphosptiopyrldine n-^cleotide.    It is readily inhibited by human 

serum in small  quantitiea and tbls mbtbition is probably doe to serum 

albjmina    Hethimazole is also an effective inhibitor of the deiodinating 

system«,    A variety of  thyroxine analogues are effective inhibitors of 

the delodiaation of  thyrcxine^ 

List of Publications: 

I»    Scnij^slei, George C      "'An  In Vi^trc Tbyrorlne Deiodinating System", 

abstract-     Clinical Reaearcs    10 ^j^  (196^) 

f¥f 



I 
I 
I 

I 

I 

i 

I 

I 
I 

I 

DISTRIBUTION 

US Army Medical Research & Development Command 
Department of the Army 
Washington 25,  D. C. 

Armed Service« Technical Information Agency 
Arlington Hall Station 
Arlington 12, Virginia 

US AMEDS Combat Development Group 
Forest Glen Section 
WRAMC 
Washington 12, D. C. 

Walter Reed Army Institute of Research 
Walter Reed Army Medical Center 
Washington 12, D. C. 

Medical Equipment Development Laboratory 
Fort Totten 
Flushing 59, L.I. 
New York 

US Army Frosthetlcs Research Laboratory 
Walter Reed Army Medical Center 
Washington 12, D. C. 

US Army Medical Research Unit 
Kuala Lumpur 
Malaya 

US Army Medical Unit 
Fort Detrick 
Maryland 

US Army Tropical Research Medical Laboratory 
APO 851 
New York, New York 

US Army Medical Research Laboratory 
Fort Knox 
Kentucky 

US Army Surgical Research Unit 
Brooke Army Medical Center 
Fort Sam Houston 
Texas 

US Army Medical Research & Nutrition Laboratory 
Fitzslmons General Hospital 
Denver 30, Colorado 

Copies 

4 

10 



[ 

I 
I 
I 
f 

I 

I 
! 

I 
1 
I 
! 

1 

US Army Medic«! Research Unit, Europe 
APO 180 
New York, New York 

US Army Medical Research Unit 
Box 2011 
Balboa Heights 
Canal Zone 

Valley Forge General Hospital 
Phoenixville, Pennsylvania 
ATTN: Librarian 

William Beaumont General Hospital 
El Paso, Texas 
ATTN: Librarian 

LeCterman Gene, tl Hospital 
Presidio of San Francisco 
California 
ATTN: Librarian 

Brooke General Hospital 
Brooke Army Medical Center 
Fort Sam Houston, Texas 
ATTN: Librarian 

Fitssimons General Hospital 
Denver, Colorado 
ATTN: Librarian 

Nadigan General Hospital 
Tacoma, Washington 
ATTN: Librarian 

Walter Reed General Hospital 
Walter Reed Army Medical Center 
Washington 12, D. C. 
ATTN: Librarian 

The Historical Unit 
US Army Medical Service 
Forest Glen Section 
Walter Reed Army Medical Center 
Washington 12, D. C. 

United States Army, Europe 
APO 403 
New York, New York 
ATTN: Surgeon 

United States Army, Alaska 
APO 949 
Seattle, Washington 
ATTN: Surgeon 



I 

I 
[ 

I 

I 
! 

I 
! 

I 
! 

1 

United state« Army, Pacific 
APO 958 
San Francisco, California 
ATTN: Surgeon 

United States Army, Caribbean 
Fort Amador 
Canal Zone 
ATTH: Surgeon 

Technical Director of Research 
Armed Forces Institute of Pathology 
Washington 25, D. C. 

Commanding Officer 
U. S. Army Environmental Health Laboratory 
Army Chemical Center, Maryland 

Comandlng General 
United States Army, Hawaii 
APO 957, San Francisco, California 
ATIN;  Surgeon 

Commanding General 
Eighth United States Army 
APO 301, San Francisco, California 
ATTM: Surgeon 

Commanding General 
7th Logistical Command 
APO 612, San Francisco, California 
ATTN:  Surgeon 

Commanding General 
I Corps Group 
APO 358, San Francisco, California 
ATTH: Surgeon 

Commanding General 
United States Army, Japan 
APO 343, San Francisco, California 
ATTH: Surgeon 

CITmdlng General 
United States Army, Ryukyu Islands/IX Corps 
APO 331, San Francisco, California 
ATTN:  Surgeon 

U. S. Continental Army Command 
Fort Monroe, Virginia 
ATTN: Surgeon 

First United States Army 
Governors Island, New York 4, New York 
ATTN:  Surgeon 

c 



f 
I 
I 
I 
! 

I 

I 

I 

I 

I 

Second United States Army 
Port George 6. Meade, Maryland 
ÄTTN:  Surgeon 

Third United Statea Army 
Port McPherson, Georgia 
ATTN:  Surgeon 

Pourth United States Army 
Port Sam Houston, Texas 
ATTN:  Surgeon 

Pifth United States Army 
1660 E. Hyde Park Blvd. 
Chicago 15, Illinois 
ATTK:  Surgeon 

Sixth United States Army 
Presidio of San Francisco, California 
ATTSf:  Surgeon 

Military District of Washington, U. S. Army 
Room 1543, Bldg. 1-7, Gravelly Point 
Washington 25, D. C. 
ATTN:  Surgeon 

Plrst United States Medical Laboratory 
90 Church Street 
Hew York 7, Kew York 

Second United States Army Medical Laboratory 
Port George G. Meade 
Maryland 

Third United States Army Medical Laboratory 
Port KsPherson 
Georgia 

Pourth United States Army Medical Laboratory 
Brooke Army Medical Center 
Port Sam Houston, Texas 

Pifth United States Array Medical Laboratory 
St. Louis Area Support Center, U. S. Army 
12th and Spruce Streets 
St. Louis 2, Missouri 

Sixth United States Army Medical Laboratory 
Port Baker 
Sausalito, California 

Coumanding Officer 
Medical General Laboratory (406) 
APO 343, San Francisco, California 

I 

I 


